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DECCAN BASALTS OF THE BOMBAY AREA, INDIA 


By Ratan N. SUKHESWALA AND ARIE POLDERVAART 


ABSTRACT 


The islands of Bombay, Salsette, and Trombay expose basalts and associated rocks 
belonging to the Upper Deccan group, probably of Tertiary age. The basalts dip 
10°-20°W. throughout the area. Interbedded with the basalts are sediments mainly of 
tuffaceous origin and in part deposited in fresh water, and relatively small extrusives 
and intrusives of highly mafic rocks (monchiquite, ankaramite, oceanite) and of felsic 
rocks (rhyodacites, rhyolites). Previous work in the area is summarized. 

Petrographic descriptions of the prevailing rock types and nine new chemical analyses 
are given. Sixty-four analyses of Deccan rocks taken from the literature are reviewed. 
Averages are calculated for the Deccan basalts and for the Upper and Lower Deccan 
groups. The analyses are plotted on four types of chemical diagrams. Like many basaltic 
rock suites, the Deccan province shows an initial stage of iron enrichment, followed by 
dominant alkali enrichment. The average Deccan basalt has somewhat more FeO and 
less AlhO; and MgO than most tholeiitic basalts. 

The absence or scarcity of pigeonite in Deccan basalts is attributed to the chemical 
characteristics of the magma and rapid cooling with incomplete crystallization of the 
basalts. The felsic rocks are believed to represent differentiates of the basaltic magma, 
produced by crystal fractionation and diffusion of volatiles. Magmatic differentiation 
was directed initially toward a rhyodacitic residuum and only in the final stages toward 
rhyolitic melts with more K,0 than Na,O. 
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INTRODUCTION (Sukheswala, 1953; Sukheswala and Awate, 
1957). In 1956, Sukheswala came to Columbia 
University, where laboratory work on a care- 
Sukheswala carried out field studies in the fully selected collection of about 50 samples was 
bmbay area from 1950 to 1956, and results of started in collaboration with Poldervaart. 

is work have been published elsewhere Washington (1922, p. 773) commented on the 
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1. Panandrao (Table 2, no. 38) 
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Nasik (Table 2, no. 37) 


. Bombay (Table 2, nos. 1-29) 

. Poona (Table 2, nos. 50-69) 

. Ratnagiri (Table 2, nos. 70-73) 
. Kolhapur (Table 2, no. 36) 

. Rajamundri (Table 2, no. 34) 


a. Rajpipla hills 


remarkable chemical uniformity of the Deccan 
basalts. Since the publication of this classic 
paper a considerable amount. of field and 
laboratory data has accumulated, which has 
resulted in recognition of outlying areas of the 
Deccan province containing strongly differ- 
entiated rocks, in addition to the normal basalts 
(e.g., Mathur, 1934, p. 2). The Bombay area 
furnishes an example of this. 

This study gives a summary of field relations 
of Deccan rocks on three islands in the Bombay 
area and provides new petrographic and chemi- 
cal data. Also included is a review of chemical 
data on the Deccan province gathered from the 
literature. 


Location of Area 


Between Lats. 18° 53’ N. and 19° 20’ N. and 
Longs. 72° 45’ E. and 73° 00’ E. (Fig. 1), é 
small archipelago is scattered along the wes! 
coast of Peninsular India. The three larger is 
lands, separated by tidal flats and creeks, art 
Bombay, Trombay, and Salsette. Only these 
three islands are considered here. 


Age Relations 


The Deccan basalts of Peninsular India range 
in age from Cretaceous to Tertiary and are su’ 
divided into a Lower, Middle, and Upper grow 
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INTRODUCTION 


(Wadia, 1953, p. 298; Krishnan, 1956, p. 445- 
448). Volcanic rocks of the Bombay area belong 
to the Upper Deccan group. 

Interbedded sediments (intertrappeans) on 
Bombay Island, especially at Worli Hill, have 
yielded many fossil animals and plants de- 
scribed by Buist (1851) and Carter (1852), in- 
cluding frogs (Rana pusilla; Owen, 1847; 
Stoliczka, 1869), fresh-water tortoises (Car- 
teremys leithii; Williams, 1953), cyprids, and 
insects. A poorly preserved fish tooth is re- 
garded by S. L. Hora (in Sukheswala, 1953, p. 
112) as closely related to Oxyrhina from Oligo- 
cene-Miocene beds of Burma. The writers there- 
fore suggest that the volcanic rocks of the Bom- 
bay area are Tertiary in age. 


Previous Work 


Thompson (1836) published the earliest 
geologic sketch of Bombay Island. More de- 
tailed descriptions were furnished subsequently 
by Buist (1851) and Carter (1852), followed by 
Wynne (1866) of the Geological Survey of 
India. Brief accounts of various aspects of the 
geology of the island were also given by Blanford 
(1872), McMahon (1883), Fox (1922), and Das 
Gupta (1927). 

The first geologic account of Salsette Island 
was by Carter (1863). Blanford (1867, p. 143) 
briefly referred to the island and noted the oc- 
currence of volcanic ash beds in many places 
throughout the sequence. Hallowes (1922) pre- 
pared the first geological map of the island and 
divided the rocks into volcanic breccias and 
ashes, intertrappeans, basalt flows, and dolerite 
dikes. Krishnan (1930) gave a short note on 
granophyric trachyte from Salsette. Mathur 
and Naidu (1932, p. 788) emphasized that 
volcanic rocks of the coastal region, including 
the Bombay area, depart from the normal uni- 
form plateau basalts of the Deccan and also 
show considerable variation among themselves. 
Finally, Kalapesi and Contractor (1935; 1936) 
described the geology and petrology of some 
rocks from Salsette. 

Trombay Island was described by Kalapesi 
and Dalal (1942) who record the presente of 
granophyre, ankaramite, and oceanite in ad- 
dition to basaltic rocks. 


Methods 


; Refractive indices were determined by the 
immersion method, using sodium light and 
checking indices of the liquids used with a re- 
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fractometer. Optic axial angles were measured 
with a universal stage by direct readings. Com- 
positions of plagioclase were determined on the 
universal stage by the maximum extinction 
method on albite twin lamellae, checked against 
the mean refractive index. Olivine compositions 
were obtained from optic axial atfigles, checked 
against y indices. Poldervaart’s (1950) correla- 
tion curves were used for both plagioclase and 
olivine. 
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FIELD CHARACTERS 


General Remarks 


Volcanic rocks of the Bombay area (PI. 1) 
differ from those of the Deccan of Peninsular 
India (the Ghats) in three important aspects: 
(1) The flat steplike topography of the Ghats, 
caused by a succession of horizontal lava flows 
(maximum thickness 10,000 feet), contrasts 
sharply with the ridges and conical hills of the 
Bombay area in which the rocks show a general 
westerly tilt of 10°-20° and are further disturbed 
by a series of north-south faults. (2) The Deccan 
traps resulted from fissure eruptions, and conse- 
quently pyroclastic deposits are not common. 
However, in the Bombay area pyroclastic rocks 
are common and show abrupt changes in thick- 
ness, indicating that fissure eruptions were here 
accompanied by eruptions of central type. 
Most of the intertrappeans of the Bombay area 
are tuffaceous. Many dolerite dikes occur on 
Trombay Island, but they are rare on Salsette 
and Bombay Islands. (3) The monotonous suc- 
cession of basaltic rocks of the Ghats, differing 
chiefly in grain size and size of amygdules, also 
contrasts sharply with the varied rocks of the 
Bombay area. Mafic and felsic rocks are here 
intimately associated. 

These characteristics are not confined to the 
Bombay area but are encountered in other parts 
of the west coast of Peninsular India, e.g., the 
Kathiawar Peninsula (Fermor, 1933; Krishnan, 
1926; Mathur, Dubey, and Sharma, 1926) and 
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the volcanic rocks west of the Rajpipla Hills 
(Bose, 1908). 


Bombay Island 


Bombay Island has ridges along its western 
and eastern sides. The city of Bombay is built 
on the central low-lying part of the island. 

The earliest volcanic phase on the island is a 
green amygdaloidal basalt which in places 
(e.g., at Bhoiwada) is albitized and shows pillow 
structures. The basalt is well exposed along 
most of the eastern ridge. Upward it gives way 
to a red-ash breccia which is followed by a fine- 
grained, well-stratified, unfossiliferous yellow- 
brown ash bed. The pyroclastic beds are the 
lowermost exposures along the western ridge and 
apparently also underly most of the central 
lowlands. This phase is followed by a succession 
of felsic flows, tuffs, and intrusive rocks, ex- 
posed intermittently along the eastern ridge but 
absent from the western ridge. Next there ap- 
pears to have been a period of quiescence during 
which the green to black fossiliferous inter- 
trappeans were deposited in fresh water. This 
was followed by renewed vulcanicity producing 
first green, calcareous ashes with a few mudballs, 
next greenish-black, fine-grained basalt, and 
finally black, medium-grained basalt. In the 
western ridge (Malbar Hill) this phase is suc- 
ceeded by 50-60 feet of yellow-brown tuff, 
coarse and compact at the base but becoming 
fine-grained and_ stratified upward. The 
youngest Deccan rocks exposed on the island 
are hyalopilitic basalts which form the hard 
capping of the western ridge. 

Sukheswala (1953, p. 109-110) has given 
evidence for two north-south faults, which ex- 
tend into Salsette Island. One fault just east of 
the western ridge has a maximum throw of 75 
feet; the other along the eastern ridge has a 
throw of not more than 40 feet. Buist (1851, p. 
170) commented on a raised beach (12 feet 
above high-water mark) in the center of the 
island. Ormiston (1878; 1881) discovered a sub- 
merged forest during the Prince’s Dock ex- 
cavations; this indicates submergence of at 
least 30 feet. 


Salsette Island 


Salsette Island has a broad range of hills ex- 
tending north-south along its center. The hills 
give way to tidal swamps toward the east and 
northwest and to a wide plain with a few hillocks 
toward the west. Throughout the island the pre- 
vailing lavas are basalts which dip gently 
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(10°-20°) westward. The stratigraphic 
quence of Salsette Island is less well-known than 
that of Bombay. Early amygdaloidal basalts 
occupy most of the eastern part of the island. 
Various pyroclastic rocks again follow this 
early phase. Mafic rock types—oceanite, 
ankaramite, olivine-dolerite (Kalapesi and Con- 
tractor, 1936, p. 161-165)—crop out in two 
hills near Vehar Lake, but the age relations of 
these rocks are not clear. Felsic intrusive and 
extrusive rocks crop out in seven main areas: 
Madh, Kherodiwadi, Utan-Dongri Hills 
(Mathur and Naidu, 1932, p. 793), and Santa 
Cruz-Khar, Kurla, Jogeshwari, Marol (Kalapesi 
and Contractor, 1935, p. 185). The youngest 
basalts of Malbar Hill on Bombay Island extend 
along the western part of Salsette up to Danda 
village. 


Trombay Island 


Trombay Island is separated from Bombay 
and Salsette by extensive tidal flats. The island 
has a series of low hills extending north-south 
and reaching a maximum height of 995 feet 
above sea level. Most of the island consists of 
amygdaloidal basalts dipping 7°-12° W. and 
mafic pyroclastic rocks. However, in the north- 
ern part there are scattered outcrops of more 
mafic rock types, identified by Kalapesi and 
Dalal (1942, p. 85) as ankaramite and oceanite. 
The present writers found monchiquite in these 
localities. Two small outcrops of felsic lava 
have also been noted on the island. Trombay 
has numerous dolerite dikes with prevailing 
north-south trend. 

Mathur and Naidu (1932, p. 790) noted that 
the north-south trend of felsic rocks of Bombay 
and Salsette islands is continued in the trachytic 
rocks of the Rajpipla Hills (Bose, 1908, p. 173) 
and the rhyolites of Pavagad Hill (Fermor, 
1906). The trend is paralleled by a line of hot 
springs, numerous dolerite dikes, and a number 
of faults. This appears to indicate the existence 
of a major north-south fault system along the 
west coast of India (Fox, 1922, p. 126). 


PETROGRAPHY 
Basalts 


ALBITE BASALTS: Four samples from the 
lowest part of the section at Bhoiwada on 
Bombay Island. The lavas are green, strongly 
amygdaloidal, show pillow structures, and are 
overlain by black carbonaceous, shaly inter 
trappeans of aqueous origin. The rocks conta 
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PETROGRAPHY 


plagioclase (Anj.s, average Ang), augite (2V 
46°, y 1.712), chlorite (2V_ 30°, y 1.645, a 
1.639), iron ores, and apatite. Most of the 
amygdules have an outer lining of chlorite, 
followed by chalcedony, and a core of zeolites, 
feldspar, or calcite. These albitized basalts are 
interesting because they were apparenty ex- 
truded in fresh water. A more detailed investi- 
gation of this occurrence is planned by Suk- 
heswala. 

OLIVINE BASALTS: Two samples from Salsette 
Island. The rocks form isolated, small exposures 
surrounded by felsic lavas and appear to belong 
to the upper part of the sequence. They are 
fine-grained and contain a few phenocrysts of 
plagioclase (Anzz), olivine (Faz), and augite 
(2V 57°, y 1.711), set in a groundmass with ill- 
defined flow structures and consisting of 
plagioclase, augite, and iron ores. The chemical 
analysis and norm of one sample are given in 
Table 1. 

NORMAL BASALTS: Four samples from the 
eastern ridge on Bombay Island and one from 
the western ridge, consequently from a younger 
member of the sequence. Three samples have a 
few phenocrysts of plagioclase (Ang;-70) and 
augite (2V 48°, y 1.712), set in a groundmass 
(average 0.3 mm diameter) of plagioclase, 
augite, and iron ores; the fourth sample is ex- 
tremely fine-grained, nonporphyritic, holo- 
crystalline. The sample from the western ridge 
has microphenocrysts of plagioclase (Anso.5s) 
and augite (2V 46°, y 1.710) set in a ground- 
mass of plagioclase and augite microlites with 
interstitial brown to black devitrified glass. 
Chemical analyses and norms of three samples 
are listed in Table 1. 

Two samples from Salsette Island are coarse- 
grained, subophitic rocks found as isolated ex- 
posures surrounded by felsic rocks. They con- 
sist of plagioclase (Ango-¢5), augite (2V 46°, y 
1.710), iron ores, and apatite. Brown iddingsite 
is pseudomorphous after olivine. Dolomite! has 
partly replaced plagioclase and augite. Green 
chlorite is also present; the chlorites were ex- 
amined in detail by Fermor (1926, p. 135-147). 


Felsic Rocks 


RHYOLITES: One sample from Bombay 
Island and three samples from Salsette Island. 
The rocks have phenocrysts (up to 1.5 mm in 
diameter) of quartz and plagioclase (Anjo-29), 


_ ‘Identification of the carbonate mineral replac- 
ing plagioclase and augite phenocrysts in these 
rocks is based on semiquantitative chemical analy- 
sis. 
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setina felted groundmass of quartz and feldspar, 
usually with a little chlorite, apatite, dolomite, 
and iron ores (mostly hematite). In one rock 
the groundmass is variolitic, whereas the plagio- 
clase phenocrysts are replaced by dolomite. A 
chemical analysis and norm of a sample from 
Salsette Island are given in Table 1. 

RHYODACITES: Four samples from Salsette 
Island. The rocks are intimately associated with 
the rhyolites, and gradations between rhyo- 
dacites (lower parts) and rhyolites (upper parts) 
may be observed in individual flows or sills. The 
rhyodacites are a little darker and carry minute 
flakes of biotite. In many cases faint flow struc- 
tures are shown by parallel orientation of 
groundmass feldspar laths. Phenocrysts are 
plagioclase (Anj;-29) and biotite (y 1.633), with 
or without augite (2V 45°, y 1.708). Most of the 
biotite shows reaction borders of minute magne- 
tite granules associated with a green mineral, 
tentatively identified as acmite. In one rock the 
pyroxene phenocrysts have been replaced in 
part by dolomite. The groundmass consists 
almost wholly of feldspar with little chlorite, 
hematite, dolomite, and apatite. Another 
sample has a few plagioclase (Anzo) and augite 
(2V 53°, y 1.710) phenocrysts, set in a yellow- 
brown glass (n 1.495) with plagioclase micro- 
lites. Chemical analyses and norms of three 
samples are given in Table 1. 


Other Rocks 


XENOLITHS: The rhyodacites of Manori and 
Gorai Hills, Salsette Island, contain many 
basaltic xenoliths up to fist size. The basalts 
may be amygdaloidal and have phenocrysts of 
plagioclase (Anzo), augite, and olivine altered to 
green bowlingite and brown biotite. The ground- 
mass consists of plagioclase laths with rude 
flow orientation, subophitic augite, and iron 
ores in characteristic skeletal, shaftlike crystals. 
Plagioclase and augite phenocrysts are partly 
replaced by calcite, but the groundmass min- 
erals are fresh. Plagioclase in the groundmass 
ranges in composition to albite. Associated 
basalts are similar to the xenoliths but lack 
sodic plagioclase. Apparently the xenoliths 
suffered mild albitization upon inclusion in the 
felsic magma. 

MONCHIQUITE: One specimen from Trombay 
Island has phenocrysts of olivine, augite, and 
biotite, set in a fine-grained groundmass of 
minute augite needles, feldspar laths, iron-ore 
granules, and interstitial, low birefringent 
analcite. Olivine (Fai) is partly replaced by 
iddingsite. Augite (2V 58°-61°, y 1.712) is 
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TABLE 1.—NEW CHEMICAL ANALYSES AND Norms OF DEccAN Rocks OF BOMBAY AREA 
H. B. Wiik, analyst. Locations of analyzed samples are shown in Plate 1. 
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| 

3.09; 2.93/ 3.16) 2.74| 2.78| 2.45| 2.57| 2.45] 2.53 that 
calc. sp. gr...........| 3.22| 3.05] 3.01| 3.06 2.96 2.75 | 2.73 | 2.72] 2.73 
Norms Mat 
4.42 5.09 8.67 22.56 | 16.97 | 16.99 | 40.72 tract 
6.85 3.66 | 6.38 7.91 | 9.69 | 25.29 | 29.30 | 29.77 | 25.75 Elch 
os: Mare meicrntlen ts 9.43 19.70 | 21.82 | 28.16 | 27.74 | 30.61 | 40.00 | 41.36 | 24.08 versi 
OE POOR ee 5.87 | 25.26 | 29.82 15.87 | 15.58 | 5.63 2.74 2 be 
1.66 Was 
| 1.88 a Ju 
22.80| 9.74| 3.35) 8.48 6.20, 2.45 1.51 354). 
19.68 5.01 2.05 3.68 | 2.04) 0.75 1 Or 
0.03 | 4.48) 1.11) 4.80) 4.37| 1.79 0.40 cal s 
h 10.15 | 12.16} 5.93 4.78 0.19| 1.37| 0.44| 0.12 comy 
oii es 9.10 | 6.62 7.73 | 10.23 0.45 | 2.9 0.18 mati 
0.30 | | samy 
eres 10.57 3.20; 2.55); 4.68 1.741 3.32 data, 
7.25 2.15 | 6.15 3.63} 1.50) 1.18 1.02 | 0.27 trusi 
sph. 0.34 nem 
0.41] 0.28) 0.70) 0.30 0.28 0.15 0.08} 0.02 close 
0.50) 6.32. 3.06| 0.11 mag 
mag*. | | 0.58 from 
| 2.35 1.29 3.47 | 3.84| 4.27 0.64 0.68; 1.64 
| | | a 
100.31 | 100.08 | 99.60 | 100.77 99.60 100.32 | 99.49 | 99.58 | 99.46 the 
* In 150 Sal, excess CO, is calculated as MgCOs, instead of NasCOs, because the rock contains dol- lated 
omite pseudomorphous after plagioclase and augite phenocrysts. basal 
Tr Monchiquite, north Trombay Island respo 
109 Bom Basalt, top of Bhoiwada Hill, Sewri cemetery, Bombay Island spect 
158 Sal Olivine basalt, beach opposite Manori village church, Salsette Island analy 
13 Bom Basalt, top of Malbar Hill along Tardeo road, Bombay Island Presi 
126 Bom Basalt, Antop Hill, Bombay Island are u 
Bor Pitchstone, hill 1 mile east of Borivli railway station, Salsette Island 3 con 
latte 


150 Sal Rhyodacite, Gorai Beach, Salsette Island 
142 Sal Rhyodacite, Gorai Hill, Salsette Island 
65 Sal Rhyolite, 1 mile north of Madh town, Salsette Island 
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zoned and may show hourglass structure. 
Biotite (y 1.651) is deep red brown and gener- 
ally rims olivine or augite phenocrysts. A 
chemical analysis and norm of the rock are given 
in Table 1. 
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Chemical Data 


Table 1 lists nine new chemical analyses with 
their norms. Table 2 gives the nine analyses free 
of water and carbon dioxide, recalculated to 100 
per cent, as well as analyses of Deccan basalts 
and related rocks which the writers have been 
able to find in the literature. The data have been 
grouped into two classes, based on the writers’ 
judgment of the quality of the analyses and 
that of the samples analyzed. Fifteen additional 
analyses may be found in Krishnan (1926), 
Dubey (1929, Ph.D. thesis, London University), 
Mathur and Naidu (1932), Kalapesi and Con- 
tractor (1936), Kalapesi and Dalal (1942), and 
Elchidana (1950, M.S. thesis, Bombay Uni- 
versity). These have been excluded from Table 
2 because they are considered inferior. One of 
Washington’s analyses (1922, p. 774, no. 21) is 
excluded because it is not a Deccan basalt but 
a Jurassic Rajmahal basalt (Fermor, 1934, p. 
354). 

One of the important objects of these chemi- 
cal studies is to obtain an idea of the average 
composition characteristic of a particular mag- 
matic province. This task is difficult because 
(1) normally the quality of analyses and of 
samples analyzed varies greatly in a list of such 
data, (2) variations may be shown between in- 
trusive and extrusive phases, from one region 
to another, or between younger and older 
members, all within one magmatic province, 
and (3) undifferentiated rocks, which most 
closely approach the composition of the original 
magma, are generally difficult to distinguish 
from rocks resulting from slight to moderate 
differentiation by one process or another. 

Table 3 gives some averages computed from 
the data of Table 2. Probably the best average 
for the Deccan province is no. 11, with calcu- 
lated standard deviations. However, this 
basaltic average differs somewhat from the cor- 
responding dolerite average, especially with re- 
spect to Al,Os and NasO. None of the new 
analyses and only one analysis from Bombay 
Presidency (Washington, 1922, p. 774, no. 8) 
are used in this average. Averages 4-7 of Table 
3 compare Lower and Upper Deccan traps; the 
latter are all from Bombay Presidency. The 
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results appear to support Fermor’s (1934, p. 
354-356) suggestion that upper and lower 
members of the Deccan province have some- 
what different compositions. The average Upper 
Deccan basalt (Table 3, no. 5) closely resembles 
the average Deccan dolerite (Table 3, no. 9; 
mainly Poona area). Possibly the main intrusive 
phase of Deccan magmatic activity came after 
the main effusive phase. A similar suggestion 
has been made for the Karroo province of South 
Africa (Walker and Poldervaart, 1949, p. 685). 


Graphical Representations 


Nockolds and Allen (1953; 1954; 1956) used 
two ternary diagrams, Mg-Fe,-alk and Ca- 
Na-K (atomic weight per cent) to illustrate 
differentiation in basaltic rocks. This method 
has also been used by Green and Poldervaart 
(1958, p. 97-98) for averages of igneous rocks. 
Figure 2 shows the results for Deccan rocks. 
The Mg-Fe,-alk diagram (Fig. 2A) shows the 
usual initial iron enrichment of tholeiitic suites 
of rocks, followed by alkali enrichment. The 
general trend for average igenous rocks does not 
show iron enrichment. Points for Deccan basalts 
and dolerites are concentrated in the enclosed 
area which presumably approximates the 
original magma in composition. (See Table 3.) 
Rocks intermediate between basalts and felsic 
end members seem to be scarce or absent in the 
Deccan province. The Ca-Na-K diagram (Fig. 
2B) is divided by a line from the Ca corner 
which intersects the Na-K side at a point 
Na:K = 1:1. This line is the median for aver- 
ages of all igneous rocks (Green and Polder- 
vaart, 1958, p. 95). Most of the Deccan rocks 
fall on the sodic side of the median; the felsic 
rocks are on the potassic side. A few class B 
analyses of felsic rocks remain on the sodic side 
of the median; the reasons for these departures 
are unknown and require further study. 

Thornton and Tuttle (1956) suggested a 
differentiation diagram in which oxide weight 
percentages of the various elements are plotted 
against the differentiation index, defined as the 
sum of normative quartz, albite, orthoclase, 
nepheline, leucite, and kaliophilite. This is an 
excellent way to illustrate trends in the progres- 
sion from mafic to felsic rocks, irrespective of 
processes contributing to this progression. The 
method can be used equally well for a magmatic 
series as for a metasomatic series (Eckelmann 
and Poldervaart, 1957, p. 1255). Figure 3 
shows such a diagram for the Deccan rocks; 
differentiation indices were calculated from the 
data of Table 2 and not from the original 
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analyses. The range of differentiation indices of 
analyses within the enclosed area of Figure 2 is 
indicated on Figure 3. As suggested by Wager 
(1956) and Wilcox and Poldervaart (1958), 
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tained decrease. MgO shows a decrease through- 
out; the curve is steep at first (FeO constant) 
and becomes less steep where FeO commences 
to decrease. CaO shows a sustained decrease. 


TABLE 3.—AVERAGES FOR DECCAN BASALTS 


1 2 3 4 | 5 6 7 8 9 10 | 11 s 
SiO, 51.33 | 51.50 | 51.14 | 50.51 | 50.48 | 52.65 | 51.50 | 49.68 | 50.21 | 50.35] 50.56) 0.464 
TiO, | 2.06) 2.37] 1.71 | 2.85] 1.82] 1.70| 1.77] 2.18 | 2.13 | 2.51} 2.78] 0.825 
ALO; (14.28 | 13.47 | 15.20 | 12.65 | 14.56 | 14.42 | 14.93 | 14.97 | 14.43 | 13.55) 12.79] 1.149 
FeO; | 3.42} 3.10} 3.77] 3.12} 2.93| 2.76] 3.41 | 3.22] 2.96} 3.11] 3.23] 0.648 
FeO 10.03 | 10.51 | 9.48 | 11.23 | 9.46 | 10.02 | 9.77 | 10.69 | 11.10 | 11.23) 11.28) 1.066 
MnO 0.11} 0.18] nd. | 0.23 | 0.18] 0.14] 0.09] nd. | nd. | 0.14) 0.22) 0.030 
MgO | 4.93} 5.28) 4.56] 5.45| 6.39] 4.98] 4.54] 4.89! 5.06] 5.27] 5.40 0.336 
CaO «9.71 | 9.79 | 9.62 | 10.57 | 10.51 | 8.96} 9.51 10.49 | 10.49 | 10.42) 10.29] 0.382 
NaO | 3.00} 2.68) 3.35} 2.43 | 2.59] 3.01] 3.24!) 3.15] 3.06} 2.57, 2.55} 0.239 
K.0 | 0.89} 0.81! 0.99) 0.61 | 0.83} 1.08} 1.02} 0.73 0.56} 0.64) 0.59) 0.137 
P.O; | 0.24} 0.31 | 0.18 | 0.35) 0.25) 0.28} 0.22] nd. | nd. | 0.21) 0.31] 0.018 


. All basalt and andesite, 34 analyses 
. Basalt, class A analyses only, 18 analyses 


. Basalt of Lower Deccan traps, class A analyses only, 8 analyses 
. Basalt of Upper Deccan traps with MgO > 4.0 per cent, class A analyses only, 4 analyses 
6. Basalt of Upper Deccan traps, all class A analyses, 8 analyses 


1 
2 
3. Basalt, class B analyses only, 16 analyses 
4 


8. All dolerite and gabbro, 23 analyses 


7. All basalt of Upper Deccan traps, 21 analyses 


9. All dolerite in enclosed area of Figure 1, 16 analyses 


s Standard deviations for average (no. 11) 


basaltic rocks can be subdivided into early, 
middle-, and late-stage basalts with arbitrary 
differentiation-index divisions at 20, 30, and 50. 
Additional subdivisions can be made for ultra- 
mafic differentiates, intermediate differentiates, 
and felsic differentiates with differentiation 
indices of, respectively, <15, 50-70, and >70. 
Figure 3 is subdivided according to this scheme 
and shows that most of the Deccan basalts are 
late middle-stage basalts. Although the points 
show some scatter, in most cases curves can be 
fitted easily to the collection of points repre- 
senting each major constituent. SiO. shows the 
most scatter of points; generally it increases 
gradually throughout the series, but exceptions 
are to be noted for several class B analyses. 
Al,O3 increases slightly at first, then remains 
onstant or decreases, again with considerable 
“atter of points. TiO, shows a sustained gradual 
decrease, whereas Fe,O3 remains approximately 
constant, though with some scattering of points. 
FeO remains constant at first, then shows a sus- 


. All basalt in enclosed area of Figure 1, 15 analyses 
. Basalt, class A analyses only in enclosed area of Figure 1, 10 analyses 


Na,O and KO increase throughout the series, 
but the K.O curve is steeper than that of Na.O. 
In the typical basalts (DI = 30) NasO = 244 
K,0O, but in the felsic lavas (DI 80-90) 
NaO = K,O. A gap in the differentiation in- 
dices between 50 and 80 is conspicuous, which 
again indicates that lavas of intermediate com- 
position are rare or absent in the Deccan 
province. 

Simpson (1954) demonstrated that magmatic 
differentiation is well shown by a diagram in 
which the mafic index, 100 (FeO + FeOs)/ 
(MgO + FeO + Fe,03), is plotted against the 
felsic index, 100 (Na20 + K,O)/(CaO + 
NaxO + K.O). Green and Poldervaart (1958, 
p. 96) adopted this method of representation, 
modified to atomic-weight proportions, in dis- 
cussing general differentiation shown by aver- 
ages of igneous rocks but used atomic-weight 
percentages instead of oxide-weight percentages. 
Figure 4 shows such a diagram for the Deccan 
rocks and compares the progression of the 
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FicureE 2.—Deccan ANALYSES ON TERNARY DIAGRAMS 
A. Mg-Fe-alk diagram; B. Ca-Na-K diagram 


Deccan province with the general trend for 
average igneous rocks. The enclosed area is 
again the same as that shown on Figures 2 and 
3. The lower slope of the bottom part of the 


Deccan curve indicates that during this phas 
of differentiation, iron enrichment was mort 
pronounced than alkali enrichment. The steep 
part of the curve shows that the phase of i100 
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enrichment was succeeded by one of dominant 
alkali enrichment. The general trend for aver- 
age igneous rocks maintains the same slope 
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and followed by dominant alkali enrichment, 
resulting from fractionation of feldspars in the 
later stages of differentiation. 


/(Ca +aik) 


Feisic index 
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T | T | T T T 


NEW ANALYSES 


70 wo 


Mofic index 100 Fey AMg + Fey) 


» CLASS A ANALYSES 
CLASS B AWALYSES 


FiGuRE 4.—DrccaAN ANALYSES ON A DIAGRAM OF FeLsic INDEX AGAINST Maric INDEX 


throughout. A gap between basalts and felsic 
end members is again conspicuous on_ this 
diagram. Subdivisions corresponding to those of 
Figure 3 are also shown on Figure 4, and with 
few exceptions the same points fall in the same 
subdivisions on both figures. 

The differentiation diagrams serve to identify 
the Deccan magma and its differentiation. 
Deccan basalts form a typical tholeiitic prov- 
ince, and the differentiation shown by the 
basalts is characteristic of tholeiitic suites of 
rocks. (C.f., Nockolds and Allen, 1956.) The 
Deccan rocks show relative rather than absolute 
iron enrichment, caused by fractionation of 
pyroxenes in the early stages of differentiation, 


Wager (1956, p. 238) noted that the Deccan 
basalts show many similarities with the differ- 
entiated Hebridean tholeiitic series. However, 
the Karroo province includes many more ex- 
amples of early stage basalts and dolerites than 
does the Deccan province. Inspection of Figures 
2-4 also shows that Deccan basalts are generally 
more advanced in the general differentiation 
sequence than are most basalts, which cluster 
around the starting point of the general trend 
for averages of igneous rocks. 
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PYROXENES: Pyroxene relationships in be- 
saltic rocks were summarized by Poldervaart 
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and Hess (1951). According to these authors, 
normal basaltic rocks contain both augite and 
pigeonite (or orthopyroxene). However, West 
(1952) found that groundmass pyroxene of 
nearly all Deccan basalts has a range of 
2V:48°-40°, average 2V:45°, though higher 
angles (2V:57°-49°) can be found for augite 
phenocrysts, especially in the more mafic lavas. 
The basalt flow at Kateru, Madras (Katem of 
Washington), is apparently an exception and 
has both augite and pigeonite in the ground- 
mass. In Deccan dolerites, West noted the 
presence of both augite (2V:45°-37°) and 
pigeonite. 

The writers’ observations on the Deccan 
basalts of the Bombay area confirm West’s con- 
clusions that pigeonite is rare or absent in these 
rocks. This contradicts Barth’s (1931, p. 201) 
claim that “all pyroxene in the groundmass 
exhibits a small to very small axial angle.” 

Unfortunately, the occurrence of one or two 
pyroxenes in basaltic rocks cannot be calculated 
precisely from their chemistry, but a general 
idea may be obtained from the chemical analy- 
ses of the likelihood of occurrence of one or two 
pyroxenes. Compared with other basaltic prov- 
inces (Green and Poldervaart, 1955), the 
Deccan basalts are characterized by low MgO- 
high FeO and low AlO;-high CaO. The first 
characteristic makes the Deccan basalts appear 
to be further advanced in the general differ- 
entiation sequence than lavas of most other 
basaltic provinces. Pyroxenes crystallizing 
from such relatively iron-rich magmas are likely 
to be enriched in iron; augite and iron-rich, late 
pigeonite (Walker and Poldervaart, 1949, p. 
638-640). In basalts this late pigeonite may fail 
to crystallize and may be represented instead by 
iron-rich mesostasis or iron-rich chlorites. The 
second characteristic bolsters this argument, as 
it indicates that more CaO would be available 
in the magma for the formation of augite than 
is usually the case in basalts. The two character- 
istics together make it seem likely that the 
Deccan magma would crystallize augite with, 
in rare cases, a little late, iron-rich pigeonite, 
usually represented by mesostasis or chlorite. 

MAGMATIC DIFFERENTIATION: The association 
of mafic and felsic rocks has long puzzled 
petrologists, especially because rocks of inter- 
mediate composition are scarce or absent in 
most occurrences (Holmes, 1936). The general 
tendency has been to attribute this association 
to crystal fractionation, mainly because the 
effectiveness of this process in magmatic differ- 
entiation is reasonably well-known as a result of 
the brilliant work done at the Carnegie Geo- 
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physical Laboratory of Washington. However, 
critical examination of the geologic evidence 
leads to doubts that crystal fractionation is the 
main process involved in the association of 
mafic and felsic rocks in intrusive and volcanic 
sequences. Probably no single process can be 
held accountable for all the known examples of 
this association. 

In many intrusive bodies the association of 
mafic and felsic rocks is not primarily due to 
magmatic differentiation but derives from re- 
actions of country rocks to the emplacement of 
mafic magma. In some plutons assimilation 
appears to have played a major role (Nockolds, 
1934). In others, partial melting of country 
rocks resulted in the production of granitic in- 
trusions in large mafic bodies (Hess, 1951, p. 
164). Yet other intrusive bodies owe the associ- 
ation of mafic and felsic rocks to metasomatism 
of country rocks by the mafic magma (Walker 
and Poldervaart, 1949, p. 674-684). 

In many batholiths (e.g., Taubeneck, 1957), 
the first phase of igneous activity is marked by 
the emplacement of small bodies of basaltic 
composition. This is followed by the intrusion 
of the main batholithic magma, in many cases 
diorite to quartz diorite in composition. Waning 
phases of igneous activity are manifested by 
small bodies of intermediate to felsic composi- 
tion. Careful studies have failed to establish a 
link between these various pulses of igneous ac- 
tivity; instead of differentiation of a single 
parent magma by whatever processes, batho- 
lithic sequences seem to be caused by a succes- 
sion of different magmas produced at different 
times, perhaps even at different depths. Within 
each magmatic phase clear evidence of differ- 
entiation can be found (mainly as a result of 
crystal fractionation), but differentiation is not 
continuous from one phase to the next. 

For other intrusive rocks the evidence 
strongly favors magmatic differentiation re- 
sulting in the observed association of contrasted 
igneous rocks. A good example is the dolerite- 
granophyre sill at Dillsburg, Pennsylvania 
(Hotz, 1953; Nockolds and Allen, 1956). In his 
account of this occurrence Hotz (1953, p. 700 
702) emphasized that the granophyre was not 
produced by crystal fractionation alone but, 
that volatile constituents played a major role in 
the petrogenesis. Many other associations of 
mafic and felsic rocks are probably of similar 
origin. 

Similar contrasted associations of basalts and 
rhyolites or other felsic rokcs occur in volcanic 
rocks. The Keweenawan flows of Michigan 
show repeated cycles of basalt and rhyolite 
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(Cornwall, 1951). The Midland Valley of Scot- 
land has early Carboniferous olivine basalts 
associated with rhyolites (Tomkeieff, 1937). The 
Lebombo Range of South Africa exposes Trias- 
Lias basalts and rhyolites (Lombaard, 1953). 
Many similar examples are known throughout 
the world; the Deccan province furnishes 
another example in which a_ thick sequence 
(10,000 feet) of tholeiitic basalt with little com- 
positional variation is abruptly interrupted by 
the extrusion of felsic lavas, in this case of 
small volume compared with the vast amounts 
of basalt extruded. 

Many theories have been proposed to explain 
this contrasted association of basaltic and felsic 
rocks in volcanic provinces. The fact that the 
felsic rocks show considerable differences in 
composition (especially in proportions of Na,O 
and KO) from one province to another, and 
also within the same province, may indicate that 
more than one process is involved. Difficulties 
are experienced in attempts to explain the 
association of basaltic and felsic rocks solely by 
crystal fractionation (e¢.g., Holmes, 1936; Tom- 
keieff, 1937), and a combination of crystal 
fractionation and diffusion of alkalies and 
volatiles (Smyth, 1913; Fenner, 1931 ; Kennedy 
1955) has been suggested. Other processes which 
have been advocated include contamination or 
partial melting of country rocks during the 
ascent of basaltic magma, immiscibility of mafic 
and felsic magmas (Fenner, 1948; Holgate, 
1954), and thermal diffusion convection (Wahl, 
1946). Probably no single process can be pinned 
down or ruled out with certainty when dealing 
with volcanic rocks. 

In the Deccan province, the writers are 
especially impressed by (1) the lack of com- 
positional variation in the bulk of the basaltic 
rocks, (2) the absence of lavas of intermediate 
composition, and (3) the very small proportion 
of felsic lavas relative to the basalts. No evi- 
dence of contamination or magmatic immisci- 
bility can be found in the felsic rocks. The 
felsic magma may have formed by partial melt- 
ing of crustal rocks during the continued ascent 
of basaltic magma through the crust, but it 
seems more likely that the felsic rocks are 
magmatic differentiates, produced by crystal 
fractionation and diffusion of volatiles in a 
column of basaltic magma which for a time re- 
mained stationary. Evidence in favor of this 
interpretation is (1) the association with highly 
mafic lavas (oceanite, ankaramite, mon- 
chiquite), and (2) the geologic record of vul- 
canicity in Bombay which indicates a period of 
explosive activity followed by the effusion of 
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felsic magma, in turn succeeded by a period oj 
quiescence. Apparently magmatic differenti- 
ation was initially directed toward the produc- 
tion of felsic magmas of rhyodacitic composition 
and only in the final stages turned toward 
rhyolitic end members with more K,O than 
Na,O. The observed gradations from rhyo- 
dacites to rhyolites in individual flows and in- 
trusive rocks call for further detailed studies. 
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QUADRANGLE, GILA COUNTY, ARIZONA 
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ABSTRACT 


Rocks intruded by Precambrian granite have been previously described in several dis- 
tricts of central Arizona, but it has not been possible to demonstrate their stratigraphic 
order. In the Diamond Butte quadrangle five older Precambrian formations can be 
placed in depositional sequence. The oldest is the Alder Formation, consisting of wacke, 
slate, quartzite, and conglomerate. It is conformably overlain by the Flying W forma- 
tion consisting of interbedded basic and acidic volcanic rocks and conglomerate. This is 
overlain with slight unconformity by the conglomerate, quartzite, and slate of the Hou- 
den formation. Above the Houden is the Board Cabin formation composed of porphy- 
ritic, pillow, and pyroclastic volcanic rocks, and volcanic sediments. The rhyolites and 
conglomerates of the Haigler formation complete the sequence. The Haigler is believed 
to be overlain by still younger rhyolites, and the Alder may be underlain by an older 
sequence of slate and basic volcanic rocks. 

This volcanic-sedimentary rock sequence portrays a recurrently unstable marine en- 
vironment in which a large portion, if not all, of the sediment was derived from contem- 
porary volcanic rocks. Through time the parent magma became enriched in potassium 
and silicon, and finally engulfed its own extrusive and sedimentary deposit to crystallize 
at relatively shallow depths as quartz porphyry, granophyre, and granite. 

Evidence of pre-existing metamorphic or plutonic rocks has not been found, and this 
depositional-orogenic cycle may represent the initial continental formation in this area. 
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INTRODUCTION 
Principal Objectives of the Paper 


Of primary importance is the description, for 
the first time in central Arizona, of a demon- 
strable stratigraphic sequence for a considerable 
thickness and variety of older Precambrian 
rocks. This sequence has been demonstrated by 
detail mapping in an area of good exposure. In 
the area of detail mapping 81 stratigraphic 
units were mapped by following their contacts. 
Igneous, depositional, and fault contacts were 
observed in many places and, where not ob- 
servable, could usually be placed within a few 
yards. 

The sequence thus established departs 
markedly from that attributed to the area by 
E. D. Wilson in 1939. The following points 
should be emphasized in this regard: (1) The 
basic volcanic rocks belong not to a single 
unit (Yaeger greenstone, Wilson, 1939) placed 
at the base of the stratigraphic sequence, but 
to at least three stratigraphically separate 
units (Flying W, Board Cabin, and Haigler 
formations). (2) Wacke and volcanic sediment 
are similarly distributed throughout the 
sequence and cannot be assigned to an Alder 
series or Yaeger greenstone near the base of the 
sequence (Wilson, 1939). (3) Extrusive rhyolite 
is found in at least two stratigraphic positions 
(Flying W and Haigler formations), both above 
rather than below the Alder formation (Wilson, 
1939). 

The extent to which this stratigraphic 
sequence will prove useful in adjacent portions 
of central Arizona must be determined by future 
workers. The local stratigraphic names applied 
by others to similar older Precambrian rocks in 
other portions of central Arizona have, with the 
exception of Alder formation (Wilson, 1939, 
Anderson, 1951), not been used. The uncer- 
tainty of lithologic correlation has dictated the 
adoption of several new local names, but the 
reader will note in the following account how 
some of these bear definite similarity to older 
Precambrian rocks elsewhere in Arizona. 
Table 2 illustrates the author’s view of how 
the Diamond Butte sequence correlates with 
the rocks of the Mazatzal Mountains. 

The rocks of the Diamond Butte quadrangle 
are significant not only because they contain a 
recognizable stratigraphic sequence but because 
they demonstrate the evolution of a genetically 
related sequence of volcanic, sedimentary, and 
plutonic rocks. Here is described what may have 
been an essentially closed system in which a 
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thick section of widely diversified volcanic and 
sedimentary rocks was derived from the same 
differentiating magma that eventually engulfed 
it. We will try to show that all the sedimentary 
rocks, despite their range of character, are of 
volcanic origin. We will try to show that, 
although both basic and acidic rocks were 
present among the earliest and latest extrusives, 
there was a definite trend toward acidic com- 
position. We will try to show that the latest 
extrusive rocks are closely related to the ter- 
minal granite, and that intrusion and deforma- 
tion took place at relatively shallow depths. 


Older Precambrian in Arizona 


In Arizona all rocks beneath the younger 
Precambrian Grand Canyon and Apache 
groups are referred to the “older Precambrian”. 
Older Precambrian granite and bedded rock 
are extensively exposed in the southwestern 
half of Arizona (Fig. 1). The most recent 
accounts of bedded and metabedded rocks in 
central Arizona are those by Wilson (Mazatzal 
Mountains, 1939), Anderson (Prescott-Jerome 
area, 1951), and Thomas (Cerbat Range, 1953). 
In most parts of Arizona the older Precambrian 
strata are steeply dipping, highly deformed, 
and completely recrystallized. Distinctive 
rock units have been recognized in each of the 
studied areas, but they are bounded by faults 
and therefore cannot be placed in definite 
stratigraphic order. 


Mapping of the Diamond Butte Quadrangle 


This portion of the Upper Tonto Basin has 
not been previously described. During the 
summers of 1951 and 1952 the eastern half of 
the Diamond Butte quadrangel (Pl. 2) was 
mapped in a reconnaissance manner, and an 
area of 12 square miles surrounding Board 
Cabin Draw was mapped in detail (PI. 1). 

The Oak Ridge Institute of Nuclear Studies 
and the University of California at Berkeley 
gave financial support for this research. 
Thanks also goes to Professors F. J. Turner, 
C. M. Gilbert, other faculty members, and 
many graduate students, to Harvard Univer- 
sity Department of Geology where the final 
draft was prepared, and to the Department of 
Geology, University of California at Los Ange- 
les, and Mrs. Opal Kurtz for the final drafting 
of the maps. 
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Ficure 1.—INDEX Map OF ARIZONA OLDER PRECAMBRIAN 


STRATIGRAPHIC UNITS 
Rocks that May be Older than the Alder Formation 


A section of weakly metamorphosed flow 
and pyroclastic rocks, slate, and minor lime- 
stone may predate the strata assigned to the 
Alder formation. They are exposed in a belt 
extending from Colcord Mesa, across Spring 
Creek, to Breadpan Mountain, and are sepa- 
rated from the Alder Formation along their 


western boundary by a fault of unknown dis- 
placement. 

The best exposure of these rocks is along 
Walnut Creek between the Breadpan Canyon 
fault and the pyroxenite intrusion. Here 1200 
feet of slate with minor beds of chloritized tuff 
and limestone is overlain by 1100 feet of 
chloritized flow and pyroclastic rocks. 

The slate, unlike other Precambrian forma- 
tions of the region, does not include interbeds 
of quartzite or fine gravel. Microscopically it 
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TABLE 1,—GENERALIZED STRATIGRAPHIC SECTION FOR THE OLDER PRECAMBRIAN ROCKS OF 
THE EASTERN HALF OF THE DIAMOND BuTTE QUADRANGLE 
(Thicknesses in feet) 


Mazatzal Revolution 
Hell’s Gate rhyolite: recrystallized rhyolite tuff, 10,000+ (?) 
Stratigraphic position uncertain 
Oxbow Mountain rhyolite: welded rhyolite tuff, 1250+ 
Haigler formation: slate and wacke, 0-250 
conglomerate and tuff, 1100 
basic volcanic rock, 0-1000+ 
rhyolite tuffs and flows, 2400+ 
Discontinuous seclion 
Lower member: soda rhyolite and conglomerate, 0-890 
Slight unconformity ? 
Board Cabin formation: conglomerate, wacke, volcanic sandstone, quartzite, basic volcanic porphyry and 
pillow lava, agglomerate, 250-1820 
Houden formation 
Upper quartzite: quartzite and fine conglomerate, 390-420 
Middle member: slate and quartzite, 0-375 
Lower quartzite: quartzite, 380-1200 
Basal conglomerate: fine conglomerate, 0-150 
Slight unconformity 
Flying W formation: conglomerate, keratophyre, rhyolite, pillow lava, 375-3200 (?) 
Alder formation: slate, wacke, and conglomerate, 0-550 
quartzite, 300-1000 
slate, wacke, quartzite, and conglomerate, 4000+ (?) 
Fault contact 
Rocks which may be older than the Alder formation: predominately basic volcanic rock, 1500 predom- 
inately slate, minor limestone, 950+ 


TABLE 2.—HYpOTHETICAL CORRELATION WITH THE OLDER PRECAMBRIAN ROCKS OF THE 
MAZATZAL MOUNTAINS 


Diamond Butte quadrangle (this paper) 

Rhyolites of the Hell’s Gate and Oxbow Mountain 
areas 

Haigler formation* 


Mazatzal Mountains (Wilson, 1939) 


Unconformity (?) 
Board Cabin formation* 
Houden formation* Mazatza] quartzite 
Maverick slate 
Deadman quartzite 


Unconformity 
Flying W formation* (includes rhyolite) Red Rock rhyolite** 
Fault contact 
Alder formation Alder series 
Fault contact Fault contact 


Pre-Alder (?) Yaeger greenstone 


* New names introduced in this report. 
** Wilson (1939) placed the Red Rock rhyolite stratigraphically below the Alder series. 


consists of muscovite, quartz, and specular of the area. Limestone beds, typically an inch 
hematite, distinctly segregated. The thin, _ in thickness, alternate with similar thicknesses 
lenticular beds of limestone are the only bedded of slate, giving the rock a banded appearance. 
carbonate rock in the older Precambrian strata The limestone is fine (.05 mm), equigranular 
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calcite with a small percentage of untwinned 
albite. There are no detrital grains in the 
insoluble residue. 

The predominately green metavolcanic rocks 
display structures of layered volcanic rock 
only on favorably weathered surfaces. The rock 
consists of blue-green chlorite, green epidote, 
sericite!, albite, and quartz; thus it belongs to 
the chlorite-muscovite subfacies of the green- 
schist facies. Small bodies of light-colored, 
sericitized rock occurring in both the volcanic 
and sedimentary portions of the formation are 
believed to be metarhyolite. 

These questionably pre-Alder rocks have 
been deformed and metamorphosed more than 
other rocks of the region. Their areal distribu- 
tion suggests that this is due to their occurrence 
in a zone of tight folding and is not the result 
or orogeny prior to the deposition of later 
formations. The fineness of the metamorphic 
minerals, particularly calcite, suggests a low 
temperature of metamorphism. Planes of bed- 
ding and schistosity are nearly vertical, and 
criteria for determining the tops and bottoms 
of beds are absent or doubtful. 


Alder Formation 


The name Alder series was adopted by Wilson 
(1939) for a unit of slate, quartz wacke, quart- 
zite, conglomerate, and chert which he con- 
sidered to lie above the Yaeger greenstone and 
Red Rock rhyolite. The upper contact of the 
Alder formation? as here defined is the base of 
the lowest cobble conglomerate, or volcanic 
strata. Wilson’s Alder series on the other hand 
includes up to 1000 feet of cobble (up to 4 
inches) conglomerate. This portion of the Alder 
series may be equivalent to part of the Flying 
W formation. 

In the Diamond Butte quadrangle Alder 
formation extends from the eastern edge of the 
quadrangle on Marsh (Pine) Creek southwest- 
ward across the quadrangle. 

The Alder formation can be divided into 
three members. The lower member, of unknown 
thickness, consists of interbedded _ sericite 
slate, thinly bedded quartzite, thin gravel 
conglomerates, and graded quartz wacke. 


‘The specie sericite as used in this paper means 
finely divided mica giving an x-ray powder pattern 
of the muscovite type. 

_* While this paper was in press U.S.G.S. Profes- 
sional Paper 308 by C. A. Anderson and S. C. 
Creasey was issued. These authors adopt “Alder 
group” for what is here termed “Alder formation”. 
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Grade size fluctuates rapidly in a vertical 
sense, from slate to gravel in a few inches, but 
along strike variation is less marked, as beds of 
sorted quartzite a few feet thick can be traced 
for several miles. Ripple marking and cross- 
lamination are not common. This member was 
probably deposited on a mildly unstable shelf in 
water deep enough so that sediment was seldom 
reworked; slow deposition of fine clay alter- 
nated with rapid deposition of unsorted gravel. 
During deposition of the middle member 
current action was sufficiently strong and 
persistent to lay down thick deposits (300 to 
1000 feet) of cross-laminated quartz sand which 
resembles the quartzites of the Houden forma- 
tion. The upper member, up to 580 feet thick, 
is argillaceous but, in contrast to the lower 
member, includes beds of chert and feldspathic 
wacke containing an abundance of heavy min- 
erals. The fresh grains of sodic plagioclase and 
fragments of volcanic rock included in this 
upper member suggest that either the source 
or the climate had changed after the deposition 
of the lower member. 

Typical Alder quartzite consists of coarse, 
orginally well-rounded grains of quartz and 
chert. The original surfaces of some grains are 
observable beneath outgrowths of authigenic 
quartz, but more commonly the grains are 
serrated or embayed because of corrosion or 
partial recrystallization. A matrix of fine 
quartz, sericite, bladed specular hematite, and 
small blue-green tourmaline prisms is usually 
present. The original fabric has to varying 
degrees been destroyed, as some quartzites 
show only a few surfaces of rupture between the 
grains, whereas others have been completely 
mylonitized and look like silicified slate. Char- 
acteristic heavy minerals are blue-green 
tourmaline, specular hematite, anatase, and 
ankerite (?); all are considered authigenic. 

Alder wackes have a matrix consisting of 
sericite, chlorite, iron ore, blue-green tourma- 
line, and quartz. What proportion of this 
material represents recrystallized detrital 
matrix, and how much has been derived by 
solution and recrystallization of the grains is 
difficult to judge. Most of the grains are very 
ragged in outline. The clear detrital grains of 
sodic plagioclase in the upper Alder show no 
evidence of internal alteration but are ragged 
in outline. There are numerous grains of fine- 
grained, plagioclase-bearing rock, but grains of 
zoned plagioclase or potassic feldspar have not 
been observed. Among the heavy detrital 
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grains are many zircons and apatites, some 
well-rounded epidotes and sphenes, and a few 
brown tourmalines fringed with blue-green out- 
growths. 
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formations on the south slope of Colcord Mesa 
is gradational, but elsewhere the basal member 
of the Flying W formation is either a conform- 
able cobble conglomerate or a pillow lava, 


North of North of 
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FiGuRE 2.—COLUMNAR SECTIONS OF THE FLYING W FORMATION 


Flying W Formation 


The name Flying W formation is proposed 
for the sequence of bedded volcanic rocks and 
coarse conglomerate which, in the Diamond 
Butte quadrangle, overlies the Alder formation 
and underlies the Houden formation. The name 
is derived from the Flying W Ranch on Spring 
Creek 12 miles west of Young, Arizona. 

The type section of the Flying W formation 
is on the lowest tributary to Walnut Creek; the 
base of the section is at approximately 4450 
feet elevation 1 mile north-northwest of the 
Flying W ranch house (Fig. 2). Good exposures 
also occur west of Spring Creek three-fourths of 
a mile northwest of the ranch house, and the 
formation can be recognized on upper Spring 
Creek, Gun Creek north of Robber’s Roost, 
Walnut Creek, and east of the Colcord Ranch. 

The contact between the Alder and Flying W 


Detailed mapping along the upper contact of 
the Flying W formation suggests a slight angu- 
lar unconformity with the overlying Houden 
formation. 

The volcanic members of the Flying W are 
basaltic pillow lava, basic and rhyolitic pyro- 
clastic rocks, and keratophyre. The pillow 
lavas are green and amygdaloidal and contain 
microscopic laths of sodic plagioclase, chlorite, 
sericite, quartz, calcite, and sparse iron ore. 
The rock between the pillows has a woodlike 
fabric and consists of a colorless micaceous 
mineral together with alternating laminations 
of iron chlorite (?) and fine-grained quartz, as 
well as abundant opaque ore, and patches of 
epidote and calcite. A 150-foot thick member 
of black, porphyritic keratophyre which ex- 
tends 3144 miles from Colcord to Hounden 
Mesa consists of rounded, rectangular albite 
phenocrysts in a trachytic groundmass of sodic 
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plagioclase microlites and devitrified glass. 
Most of the phenocrysts are sericitized. Specu- 
lar hematite composes one-third to one-fifth 
of the rock, and apatite, epidote, and clinozoi- 
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Flying W formation and conformably beneath 
the Board Cabin formation. The name is 
derived from Houden Mountain in the south- 
central portion of the Diamond Butte quad- 


Zu = upper quartzite 

zm= middie quartzite 

z = lower quartzite 

zc = basal conglomerate 
z = combined quartzite 
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FicurE 3.—COLUMNAR SECTIONS OF THE HOUDEN FORMATION 


site (?) are common. The rhyolite is pale purple 
to red and contains megascopic phenocrysts of 
quartz and unaltered calcic albite (Ans10, 2V 
near 90°).3 Its texture varies from coarsely 
fragmental to massive. Microscopically, the 
more massive rock consists of alternating bands 
of fine, sutured quartz, fine sericite, and devitri- 
fied glass. The phenocrysts occur in clusters, 
and many are broken or bent. Besides albite 
and quartz they include adularia-albite perth- 
ite, adularia, myremekite, and graphic inter- 
growths. 

The conglomerate is composed of well- 
rounded gravel, cobbles, and boulders of vol- 
canic rock—most of it identical to that with 
which it is interbedded. Notable exotics are the 
boulders of red jasper (up to 10 inches in 
diameter). 

The locally derived gravel indicates that 
partial erosion of the formation must have been 
contemporaneous with deposition. The presence 
of pillow lava, however, indicates that part of 
the deposition was subaqueous. 


Houden Formation 


The name Houden formation is applied to 
the quartzite, fine conglomerate, and slate 
lying with slight unconformity above the 


* Axial angles and signs were determined with 
the four-axis universal stage. 


rangle. The type section is located on the south- 
western corner of Colcord Mesa and begins on 
the boundary of section 18, a quarter of a mile 
west of elevation marker 5687, from which it 
extends N. 25° W. for approximately half a 
mile, or to the elevation marker 5651. Other 
good sections are located on Board Cabin, 
Houden. Mountain, and Spring Creek opposite 
Buzzard Roost Mesa (Fig. 3). The formation 
extends throughout the quadrangle. 

The Houden Formation can generally be 
subdivided into three or four members: a basal] 
conglomerate, a lower quartzite, a middle slate 
and argillaceous quartzite, and an upper 
quartzite. In the opinion of the writer the latter 
three correspond respectively to the Deadman, 
Maverick, and Mazatzal formations of the 
Mazatzal Mountains (Wilson, 1939). The 
middle siate-bearing member thins to the east 
and northeast and is missing along the eastern 
boundary of the quadrangle. 

The basal member of the Houden formation 
between Houden Mountain and Colcord Mesa 
is a gravel conglomerate 40-100 feet thick. Few 
of the pebbles are more than three-quarters 
of an inch in diameter, and they average no 
more than a quarter of an inch. They consist of 
vein quartz, banded red “chert”, other fine- 
grained quartz-aggregate rock types, angular 
fragments of devitrified glass, and other fine- 
grained volcanic rocks. The arenaceous fraction 
of the Houden conglomerate consists of rounded 
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quartz grains, smaller grains of sodic plagio- 
clase, and numerous well-rounded grains of 
specular hematite. The intergranular matrix is 
quartz and sericite. The heavy-mineral fraction 
contains little except iron ore and zircon. 

The lower portion of the lower quartzite 
member is cross-laminated in beds 3-8 inches 
thick. The quartz grains (.5 to 1 mm in maxi- 
mum diameter) show undulatory extinction, 
two sets of deformation lamellae, and extensive 
recrystallization between and within the grains. 
Grains of sodic plagioclase, adularia-albite 
perthite, and untwinned potassic feldspar (?), 
although considerably smaller than the quartz 
grains, are more abundant than in the other 
members of the formation. The feldspar can be 
easily distinguished from quartz by the fine 
dust of red iron oxide which colors it. 

The upper part of the lower Houden quartzite 
is vitreous, faintly bluish or greenish, and 
fractures through the grains. Except for the 
upper 50 feet where cross-lamination is prom- 
inent, the bedding planes are less evident than 
the joint system. In addition to quartz grains 
(.5 mm or smaller) there are a few grains of 
feldspar, chert, and devitrified glass. The con- 
tacts between the quartz grains are marked by 
small sutures and secondary crystals of quartz. 
There is very little sericite or other matrix, and 
zircon is the only heavy mineral. 

The middle member is distinguished by its 
gray, purple, or brick-red color and predom- 
inately fine grain size. Its lower portion includes 
fine conglomerate, coarse- to fine-grained 
quartzite, siltstone, and minor amounts of 
slate. Cross-lamination was not observed. The 
upper part of the member consists of slate and 
graded wacke. The thickest section (380 feet) 
was observed on Houden Mountain. 

The quartzite of the middle member is 
argillaceous and contains more accessory 
detrital grains than the upper or lower quart- 
zites (principally zircon, apatite, and musco- 
vite). The slates contain varying amounts of 
sericite, blue-green tourmaline, green chlorite, 
jarosite after pyrite (?), and ragged grains of 
quartz. 

In the Board Cabin Draw area the upper 
quartzite member of the Houden formation 
was mapped as three submembers. The lower 
submember, constituting the lower half of the 
member, is vitreous white quartzite, similar to 
the upper part of the lower quartzite member. 
The rock consists of quartz grains with a minor 
mount of sericite. The grains are tightly packed, 
ragged in outline, and oriented relative to 
shape and crystal structure. They display 
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undulatory extinction and two sets of deforma- 
tion lamellae. 

The middle submember consists of 2-25 
feet of slate, purple siltstone, coarse red and 
blue, micaceous quartzite, fine gravel conglom- 
erate, and purple “chert”. The slate, which 
consists of fine-grained quartz and sericite, js 
noteworthy for its fine laminations of quartz 
sand. The quartz grains preserved within these 
slate laminations are round to angular, smooth- 
surfaced, lack authigenic outgrowth or periph- 
eral corrosion, and show no intra- or inter- 
granular recrystallization. There are also 
grains of feldspar and chert and a concentration 
of zircon, opaque ore, muscovite, blue tourma- 
line, and apatite. 

The upper submember consists of cross- 
laminated quartzite in beds as much as 3 feet 
thick—the thickest cross-laminated beds ob- 
served in the older Precambrian rocks of the 
area. Near its upper contact it is thin-bedded, 
cross-laminated, violet to reddish-brown quart- 
zite in sizes from coarse sand to fine gravel. 
Where the basal member of the overlying 
Board Cabin formation is sedimentary there is 
a gradation between Houden-type quartzite 
and the finer-grained, darker Board Cabin 
rocks. The average grain size of the quartzite 
of the upper submember is 1-1.5 mm. The 
grains of quartz and chert are rounded and 
tightly packed. There is a little sericite matrix 
and a cement of specular hematite which colors 
the rock. Authigenic quartz outgrowth and 
intragranular recrystallization are common, and 
there are small sutures at some grain bound- 
aries. The gravel consists of “vein quartz”, 
banded red chert, rhyolite (?), and devitrified 
glass (?). 

In the eastern half of the Diamond Butte 
quadrangle the upper quartzite member 
measures 390-420 feet in thickness. 


Board Cabin Formation 


The name Board Cabin formation has been 
applied to rocks above the Houden formation 
and below the Haigler formation. The name is 
derived from Board Cabin Draw, at the south- 
eastern foot of Diamond Butte. The type 
section is on Board Cabin Draw between the 
approximate elevations of 4550 and 4750 feet 
(Pl. 1, Section E-E’). Another good, but thinner 
section is on Turkey Creek in the southern part 
of the quadrangle. An exposure extends north- 
eastward from the western boundary of the 
quadrangle, past the old Wilbanks ranch house 
on Soldier Creek, to the Tertiary gravel north 
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FiGuRE 4.—COLUMNAR SECTIONS OF THE BOARD CABIN FORMATION 


of Diamond Butte. The volcanic rock facies 
of the formation is more prominent to the west, 
and there is little sedimentary rock in the 
formation west of Board Cabin Draw. The 
base of the formation is designated as the first 
appearance of volcanic rock, or distinctly 
volcanic sediment above the thick quartzites 
of the Houden formation, and the top is indi- 
cated by the first (stratigraphic) appearance of 
thyolitic rocks above the Houden formation. 
The Board Cabin formation consists of 
quartzose, feldspathic, and volcanic sandstones, 
tuffaceous wackes, fine and coarse conglomer- 
ates, pyroclastic rocks, and thin basaltic lavas, 


so intimately interbedded and _interfingered 
that accurate mapping is exceedingly difficult. 
Figure 4 shows some of these variations. 

Intraformational unconformities are com- 
mon, and most conglomerates, sandstones, and 
wackes contain angular fragments of the imme- 
diately underlying rock. The rocks of the 
Board Cabin formation, Flying W formation, 
and portions of the Haigler formation are so 
similar that the only reliable distinction is their 
stratigraphic position. 

Porphyritic lava is the most distinctive and 
abundant rock type of the Board Cabin forma- 
tion. Most specimens consist of tabular, com- 
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plexly twinned, unzoned phenocrysts of albite 
(2V = 81°-86°) set in a fine-grained matrix of 
secondary minerals (quartz, albite, sericite, 
calcite, chlorite, epidote, iron ore) replacing 
what was once probably glass. In some rocks 
fine aggregates of quartz-albite and sericite 
replace phenocrysts of plagioclase. Amygdules 
and veinlets of quartz, chlorite, green epidote, 
and calcite are generally present. 

The nonporphyritic volcanic rocks are of 
massive or pillow structure and contain albite 
and oligoclase microlites, relict ferromagnesian 
phenocrysts, and a matrix of quartz, chlorite, 
and calcite. 

Lapilli of the coarser pyroclastic rocks are 
flattened and have “splattered” outlines, sug- 
gesting that they were fluid at the time of 
accumulation. Some of the ejecta contain 
microlites of plagioclase or small amygdules of 
quartz, but the bulk of the pyroclastic rock is 
a fine aggregate of sericite, chlorite, scattered 
epidote, and iron ore. One rock consists of fine, 
dark, trachytic lapilli in a light-colored matrix 
of chalcedony and epidote. These lapilli consist 
of plagioclase microlites (about Anjo) in a 
matrix of chlorite and iron ore. 

In the lower part of the Board Cabin forma- 
tion there are thin beds of quartzite, similar to 
that of the uppermost Houden formation. The 
authigenic outgrowth, peripheral corrosion, 
and recrystallization noted in the thicker 
quartzite units are, however, scarce here. 
Grains of sodic plagioclase, although partially 
replaced by sericite, epidote, calcite, and fine 
red hematite, are better preserved than they 
are in the other sedimentary rocks of the 
formation. The matrix contains sericite, quartz, 
and in places chlorite, coloring the rock green. 
Detrital epidote, tourmaline, apatite, and 
zircon have been identified. Authigenic tourma- 
line is also present. 

The feldspathic sandstone of the Board 
Cabin formation has an average grain diameter 
of approximately .1 mm, compared with 1 mm 
in the quartzite. The grains are angular to 
subangular, and well sorted. Plagioclase grains 
are partially to entirely replaced by reddish- 
brown iron oxide. Heavy detrital grains are 
more plentiful in the feldspathic sandstone 
than in the quartzite (principally opaque ores, 
zircon, sphene, apatite, and tourmaline). The 
matrix consists of finely divided quartz, feld- 
spar, and sericite. 

The volcanic sandstone consists of sorted 
grains of volcanic rock, with minor quartz and 
feldspar. The feldspar crystals are sericitized, 
and much of the groundmass appears to be 
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replaced by iron ore. Between the detrital 


grains is a matrix of calcite, epidote, chlorite, 


sericite, quartz, and albite, with scattered 
clusters of iron oxide and apatite. 

The sedimentary rocks become coarser- 
grained upward in the section, and there are 
none finer than conglomerate in the upper half 
of the formation. The typical conglomerate 
consists of volcanic boulders and sandstone of 
such uniform appearance that the rock appears 
to be volcanic rather than sedimentary. The 
boulders are in many cases well sized and well 
rounded. 

The typical sedimentary rock of the Board 
Cabin formation is coarse, relatively well 
sorted, and composed of locally derived mate- 
rials, thus suggesting deposition in shallow 
water subject to wave and current action. 


Haigler Formation 


The Haigler formation includes all rocks 
above the Board Cabin formation and below 
the rhyolite of Oxbow Mountain. Much of the 
rock is rhyolitic, but the formation is believed 
to include thick sections of basic extrusive 
rock, and volcanic sedimentary rock. The name 
is derived from Haigler Creek, in the north- 
eastern portion of the quadrangle. 

The type section of the lower member begins 
at the upper contact of the Board Cabin forma- 
tion just east of Board Cabin Draw on the hill- 
side southwest of the abandoned “Hot Shot” 
mine and extends northeast to the east fork of 
Board Cabin Draw. The stratigraphic continu- 
ity of the overlying members of the Haigler 
formation has not been established, and there- 
fore a type section will not be described for 
them. The lower member is tentatively be- 
lieved to be overlain in succession by at least 
1450 feet of rhyolite, 1000 feet of basic and 
intermediate volcanic and sedimentary rocks, 
at least 1100 feet of rhyolite, largely tuff, and 
1600 feet of sedimentary and pyroclastic rocks. 
The highest member is overlain by the rhyolite 
of Oxbow Mountain. 

The lower member of the Haigler formation 
was mapped as five submembers: rhyolite I, 
conglomerate I, rhyolite II, tuff breccia, and 
conglomerate II. 

Rhyolite I is a gray to black albite porphyry 
which, like the tuff breccia higher in the section, 
is contaminated with less siliceous accidental 
inclusions. In general the phenocrysts of albite 
are better preserved than those in the under- 
lying basic rocks but are partially replaced by 
epidote and sericite. The groundmass is a fine 
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aggregate of quartz, epidote, sericite, un- 
twinned feldspar, chlorite, and ferruginous 
dust. 

Rhyolite II has a vitreous luster and is 
black or brown on fresh surfaces. Albite pheno- 
crysts are not so abundant as in rhyolite I but 
are excellently preserved. Quartz, though 
abundant, does not occur as phenocrysts. 
There are a few phenocryst clasts filled with 
epidote, chlorite, and an unidentified green 
mineral of moderate birefringence. Apatite is 
unusually abundant in some rocks. The ground- 
mass of devitrified glass contains quartz, feld- 
spar, sericite, and the iron oxide dust responsible 
for the dark color. 

The tuff breccia consists of coarse, irregular, 
volcanic or accidental ejecta in a matrix of tuff. 
The bombs or rubble fragments constitute a 
substantial portion of the rock. Their bound- 
aries are typically “rounded” and poorly 
defined, and they contain more chlorite and 
iron ore than does the matrix. Few of these 
more basic “fragments” retain evidence of 
their original fabric, but it is assumed that 
they were dislodged from the underlying strata 
and ejected with the tuff. The matrix of the 
breccia contains phenocrysts of plagioclase 
similar to those of rhyolite II, but less sodic 
(Any), and a few corroded phenocrysts of 
quartz. Reaction between the host rock and the 
inclusions has produced numerous secondary 
ferromagnesian crystals in the matrix and 
many crystals of secondary quartz in the 
included “fragments”’. 

The conglomerates are composed of the rock 
types that immediately underlie them, are 
subrounded, and well sorted. 

The rhyolitic rocks of the Haigler formation 
believed to lie above the lower member can be 
described as massive rhyolite, spheroidal 
thyolite, and rhyolite tuff. The massive flow 
rocks do not have the vitreous, conchoidal 
fracture nor the dark color typical of the 
lower member. Quartz and perthite phenocrysts 
of 1 mm are common in well-preserved rocks. 
Some phenocrysts show crystal faces, but 
where the groundmass is coarsely recrystallized 
the phenocryst boundaries are badly corroded. 
This coarse groundmass recrystallization may 
take the form of a patchwork of interlocking 
“sieve crystals” or radial, fernlike, granophyre- 
type crystallization. The more common ground- 
mass is very fine-grained, however, and consists 
of quartz, feldspar of negative relief, and a 
little sericite. Rutile and leucoxene after 
ilmenite, fine red and black hematite, apatite, 
and zircon are accessory minerals. Chlorite, 
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iron chlorite, and calcite are associated with 
fractures and veins. 

The spheroidal rhyolite consists of spherules 
1 cm or more in diameter; many have been 
flattened to a disk shape before solidification. 
In some spherules the crystal filling has grown 
from the perimeter inward; others are homo- 
geneously filled and differ little in fabric from the 
devitrified groundmass. 

The phenoclasts of the rhyolite tuffs are 
better preserved, of greater variety, and more 
abundant than are the phenocrysts of the flows. 
They include quartz, albite-adularia perthite, 
and albite (Ans). Some of these albites are 
twinned in chessboard fashion (Becke, 1913). 
On the extreme southwest point of Oxbow 
Mountain is a tuff or tuffaceous sandstone of 
devitrified fragments of glass (up to 3 mm in 
diameter). Here, the original spherulitic and 
perlitic structures have been preserved, un- 
affected by deformation. 

The basic volcanic rocks are green, purple, 
or black with amygdaloidal and pillow struc- 
tures. They have pilotaxitic texture and consist 
of intermediate plagioclase microlites in a 
groundmass of opaque ore, chlorite, calcite, 
and a weakly birefringent, colorless, micaceous 
mineral. Many amygdules are unflattened, 
testifying to the slight degree to which these 
relatively incompetent rocks have been de- 
formed in some localities. The amygdules 
consist of chlorite, quartz, calcite, and specular 
hematite. Epidote, so abundant in lower forma- 
tions, is not present in the basic lavas of the 
Haigler formation. 

Conglomerate of local derivation is the most 
abundant sedimentary rock. A fine sedimentary 
breccia with a poorly sorted matrix outcrops 
north of Marsh Creek. The arenaceous fraction 
of this rock consists largely of well-preserved, 
angular grains of sodic plagioclase. Grains of 
quartz and basalt are also numerous, and 
crystals of stilpnomelane occur along fractures. 

Massive, dark-gray, felspathic quartz wackes 
show graded bedding in intervals of 1 mm or 
less. The secondary minerals are quartz, musco- 
vite, stilpnomelane, specular hematite, blue 
tourmaline, and scattered feldspar. 

In the Haigler formation rhyolite predom- 
inates. The basic volcanic rocks, conglomerates, 
and finer sedimentary rocks, together, form 
lens-shaped units within the rhyolite. The 
conglomerates are almost entirely rhyolitic 
material. 

The occurrence of pillow lava, finely graded 
sedimentary rocks, and thinly bedded black 
slate suggests that the stratigraphic lenses of 
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sedimentary and basic volcanic rock were 
deposited in water. The rhyolitic conglomerate, 
on the other hand, indicates that at least 
portions of the rhyolite were exposed to sub- 
aerial erosion. It may thus be inferred that the 
sediments accumulated in water between coa- 
lescing centers or rhyolitic eruption. The 
“basins” were sufficiently quiet to permit the 
accumulation of graded sediment but suffi- 
ciently near shore to receive the deposition of 
coarse conglomerate. 


Rhyolite of Oxbow Mountain 


In the northeastern corner of the quadrangle 
the rocks considered to be the upper portion of 
the Haigler formation are overlain by welded 
rhyolite tuff and massive quartz porphyry. 
The best exposures are on the southwest corner 
of Oxbow Mountain. 

The tuff forms the lower part of the unit and 
grades upward into the porphyry. The relation 
of the porphyry to rock units older than the 
Haigler formation suggests that it is at least in 
part intrusive. 

The tuff is grayish white and consists of 
coarse phenoclasts (up to + mm) and welded 
glass shards. The phenoclasts are quartz and 
perthite (largest and most abundant) and al- 
bite (Ans) with chessboard or other twinning. 
The shards, many contrastingly dark, are 
flattened parallel to the bedding and contorted 
about the phenocrysts, in sharp contrast to the 
angular, unflattened shards found a few hundred 
feet beneath in the Haigler formation. Except 
for the lack of pyroclastic texture the petrogra- 
phy of the adjacent quartz porphyry resem- 
bles that of the tuff. 


Rhyolite of the Hell’s Gate Area 


Between Lost Camp Mountain and the 
granite of the Payson area is 25 to 50 square 
miles of rhyolite. Some of this rock is certainly 
intrusive, as for example south of Tonto Creek 
where it definitely intrudes quartzite and slate 
of the Houden formation on a large scale, and 
the exact contact can in places be observed in 
detail. But larger portions, as northwest of 
Hell’s Gate, display columnar structure, and 
some specimens display a pyroclastic texture. 
This columnar rhyolite, measured parallel to 
the trend of regional plunge, appears to have a 
stratigraphic thickness of the order of 10,000+ 
feet. 

Megascopically and microscopically this 
rock resembles the Haigler rhyolite, but 
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TABLE 3.—CHEMICAL ANALYSES OF 
EXTRUSIVE RHYOLITES 


(All analyses by W. H. Herdsman, 1953) 


K.0 Na,O 
I Columnar rhyolite from | 4.90 2.14 
Apache Ridge, northwest 
of Hell’s Gate 
II Massive quartz porphyry | 4.88 2.34 
from Oxbow Mountain 
III Welded rhyolite tuff from | 4.42 2.21 
Oxbow Mountain 
IV Tuff, considered upper Haig- | 3.76 3.27 
ler formation, north of Col- 
cord ranch house 
V Lower Haigler formation, | 3.74 4.48 
rhyolite II submember, 
type section area 
Rhyolites 
Ill V 
SiO. 77.44 71.04 
Al.O; 12.62 | 14.63 
FeO | 2.05 
Fe.0s | .45 2.72 
TiO. | .26 
MnO, .02 
CaO “ia 
MgO 14 
K,0 4.42 3.74 
Na,O 2.21 4.48 
H:0 — 105°C .23 .06 
+ 105°C 1.08 .09 
CO, Traces | Traces 
P.O; Traces Traces 
100.12 100.15 


chemically it has greater similarity to the 
rhyolite of Oxbow Mountain and to the granite 
which intrudes it. There is no direct evidence 
for the stratigraphic position of the columnar 
rhyolite, but its almost complete lack of defor- 
mation and chemical affinity to the Oxbow 
rhyolite and granite strongly suggest that it 
belongs high in the stratigraphic column. 


INTRUSIVE Rocks 
Ultrabasic Rock 


A body of pyroxenite a quarter of a mile 
wide occurs on Walnut Creek a mile east ol 
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Spring Creek. The interior of the body is 
remarkably free from apparent deformation 
but is dilated by many small, discontinuous 
veins of calcite. The approximate mineral 
percentages are: augite 31, actinolite (largely 
after augite) 42, epidote 10, chlorite 18, leucox- 
ene 2, brown hornblende 1, and opaque ore 
in trace amount. The augites (up to 2 mm) 
have 2V 48° to 52°, Z A C approximately 44°. 
The chlorite and small euhedrons of epidote 
occur in clusters and are presumably secondary. 

An exposure of ultrabasic rock covering 
about 80 acres occurs at the northeast foot of 
Diamond Butte. The specimen investigated is 
uralitized, serpentinized biotite-pyroxene horn- 
blendite (?) in which almost all the pyroxene 
has been replaced by isotropic green serpentine, 
and the hornblend by actinolite. The approxi- 
mate mineral percentages are: serpentine 36, 
actinolite 44, augite 2, brown and green horn- 
blende 7, chlorite 5, biotite 9, plagioclase 2, 
opaque ore 5, apatite 1, and a trace of zircon. 
The brown hornblende is irregular in outline 
and is partially rimmed by blue-green amphi- 
bole. The plagioclase, probably albite, is inter- 
stitial and rarely twinned. The opaque ore is 
associated with biotite. 

Bodies of hydrothermally or dynamically 
metamorphosed ultrabasic rock occur in 
several additional localities. 


Basic Rock 


In the Board Cabin Draw area (Pl. 1a) 
intrusions of basic rock have dilated the upper 
and middle Houden Formation. Dikes and 
sills of it cut the Alder, Flying W, lower 
Houden, Board Cabin, and Haigler formations. 
Most of this rock is fine-grained and is believed 
to be the intrusive equivalent of the basic 
extrusive rocks found in the Board Cabin and 
Haigler formations. It has a relict pilotaxitic or 
finely diabasic fabric in which the plagioclase 
has been altered to a sericitelike mineral. The 
groundmass is predominately chlorite, with a 
little epidote, calcite, scapolite, secondary feld- 
spar, quartz, apatite, iron ore, and leucoxene. 

The totally crystalline basic or intermediate 
intrusive rocks, though uncommon, offer a clue 
to the compositions of the aphanitic basic rocks. 
A specimen from Brady Canyon shows 60% 
plagioclase, 30% biotite, 8% quartz, 2% apa- 
tite. Albite rims the plagioclase crystals and is 
intergrown with quartz in the interstices. The 
plagioclase cores have been sericitized. A rock 
intruding rhyolite in the western half of the 
quadrangle is 60% albite, 15% quartz, 15% 
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secondary yellow chloritic mineral, and 10% 
opaque ore. The yellow mineral and opaque 
ore occur as relics of an unknown ferromag- 
nesian mineral. 


Granite 


The layered rocks of the Diamond Butte 
quadrangle lie in a belt between two large bodies 
of granite. To the northwest is the granite of 
the Payson area, and to the south and east 
granite extends from the Mazatzal Range, 
under the Sierra Ancha, to Pleasant Valley. 
These granites are poor in ferromagnesian 
minerals, are not attended by aplites, pegma- 
tites, or lamprophyres, but are partly fringed 
by granophyre, porphyritic microgranite, and 
intrusive rhyolite. Several small intrusions of 
granophyre also occur within the belt of layered 
rock and possess satellitic dikes with granitic, 
granophyric, and rhyolitic fabrics. 

The granites at Green Valley, north of the 
Diamond Butte quadrangle, and on the Hol- 
brook road north of Pleasant Valley, possess a 
fabric in which large phenocrysts of quartz, up 
to 1 cm in length, are the conspicuous feature. 
The principal feldspar is microcline-albite 
perthite. The perthites are irregular in outline 
and poikilitically include crystals of quartz and 
nonperthitic albite. In some crystals the micro- 
cline twinning fades into untwinned potassic 
feldspar. Biotite is the only ferromagnesian 
mineral. The rocks are pale orange pink, per- 
haps colored by iron oxide derived from partial 
alteration of biotite. 

East of Bryant Mountain the granite is fine- 
to medium-grained, partially porphyritic, and 
rich in slightly perthitic microcline. On Buzzard 
Roost Mesa mafic alkaline lava of Tertiary age 
has carried up large blocks of sodic granite 
from the basement. This granite resembles that 
found in the Sierra Ancha and farther south; 
large rectangular crystals of microcline are the 
conspicuous fabric feature. The microcline is 
nonperthitic, and the plagioclase is rimmed 
with albite and sericitized within. Biotite is 
more abundant, and quartz is less abundant 
than in other granites of the region. 


Quartz Porphyry 


Mention has already been made of the intru- 
sive rocks of rhyolitic fabric and composition 
associated with the extrusive rocks of Oxbow 
Mountain and the Hell’s Gate area. Intrusive 
quartz porphyry, not unlike that of the Oxbow 
Mountain area, is also abundant in the south- 
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central part of the Diamond Butte quadrangle. 
The most extensive exposure and greatest 
thickness is along Gun Creek north of Sorrel 
Horse Canyon. It is also exposed on Clover, 
Turkey, and Spring creeks, and in Bryant and 
neighboring canyons. 

On Gun Creek abundant rounded “boulders” 
are included in the volcanic rock. The “‘boul- 
ders” have been derived from the intruded 
strata, and “boulders” of Houden-type quart- 
ite are prominent. They are so abundant that 
the rock can easily be mistaken for conglom- 
erate. Much of this porphyry occurs in roughly 
conformable sills and was at first mistakenly 
mapped as rhyolite flows. Its intrusive relation 
can best be observed on Conway Peak, west of 
Robber’s Roost, where a large roof pendant of 
Houden quartzite is intricately intruded. 

The porphyry is characteristically either light 
gray green or moderate grayish red. The zed 
color is due to the presence of fine iron oxide, 
whereas the more common gray-green phase 
owes its color to epidote and some chlorite. The 
deformation of the rock varies from slight to 
strong mylonitization. The recognition of 
highly deformed portions is made possible by 
the large resistant phenocrysts of quartz. Many 
of the quartz phenocrysts of the porphyry are 
5 mm in diameter. Where the rock has not been 
severely deformed or epidotized feldspar pheno- 
crysts of nearly equal size outnumber those of 
quartz. Albite (Ano«, 2V 88°+ to 86°—) is the 
most abundant variety of feldspar, but there 
are also small laths of sodic oligioclase associ- 
ated with green epidote in vesicles, -untwinned 
phenocrysts of negative relief believed to be 
potassic feldspar, and phenocrysts of graphic 
quartz in potassic feldspar(?). Relict biotite 
consisting of muscovite, green chlorite, and 
red iron oxide are conspicuous. The devitrified 
glass groundmass consists of quartz, feldspar, 
and sericite, with apatite, limonite, and leu- 
coxene as accessory minerals. 


Granite—Rhyolite Gradations 


The contacts between granite and rhyolite 
are characterized by a fabric gradation. Con- 
siderable microscopic work was done on these 
transition rocks. To illustrate the phenomena 
two very different contacts are described. 

North of Apache Ridge granite is in contact 
with a thick accumulation of bedded, columnar 
rhyolite tuff (rhyolites of the Hell’s Gate area). 
The principal phenocrysts of the tuff are quartz 
and perthite, with a few of chessboard albite 
and graphic quartz-feldspar. Laths of untwinned 
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albite are numerous where the rhyolite is con- 
taminated with basic inclusions. The ground- 
mass is uniformly microgranular, and the 
phenocrysts enclosed in it are ragged in outline, 

The first step in the transition from rhyolite 


TABLE 4.—CALCULATED PRINCIPAL OxIDE 
PERCENTAGES OF GRANITE* 


Green Buzzard pe 

Valleyt Villy Roost tuff** |compler 
SiO, 78. 78. 76. as. 77.44) 75.65 
AlO; | 11.0 | 11.0 | 11.5 | 13.0 | 12.62) 11.89 
2.56) 2.4 1.8} 4.1 2.21) 3.44 
K,0 4.85) 5.3 3.6 | 4.42) 4.26 


*The mineral percentages of the four granites 
were estimated by point counting, and the per- 
centages of their principal oxides calculated from 
the mineral percentages. The percentages of Na,0 
and K;O in the Green Valley granite were deter- 
mined by W. H. Herdsman, and the ratios as- 
sumed for the microcline of the other granites were 
based upon that analysis. 

7 K.0 and Na,O analyses by W. H. Herdsman 
(1953). 

** Complete chemical analysis given in Table 3. 

Tt Tyrrell (1928, p. 192). 


to granite is a microscopic recrystallization ip 
the groundmass of the tuff. Small vein-form or 
cusp-shaped areas of the ground mass display 
a patchwork of fine, feathery, spherulitic crys- 
tals, or radial granophyric crystallization. 
The phenocrysts are not affected by this 
incipient groundmass recrystallization. Nearer 
the granite the spherulites are megascopic, 
large phenocrysts are scarce, but small idio- 
morphic crystals of quartz and perthite are 
present as the nuclei of radial crystalliza- 
tion. Some of the rock is abnormally rich in 
K.O (Table 5). Closer to the granite the crystal 
filaments of the spherulites coarsen into the 
fabric of micrographic granite; quartz 1 
poikilitically enclosed in microcline or adularia. 
Even in the coarse granite many poikilocrysts t 
of quartz are evident. This transition occurs In 
a zone more than a mile wide and appears to 
be general along the southeast perimeter 0! 
the Payson granite. 

The rhyolite which adjoins the granite east of 
Bryant Mountain is a stony, partially porphy- 
ritic rock with a microgranular groundmass 4 
little coarser-grained than that of the devitrified 
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tuff on Apache Ridge. The phenocrysts are 
quartz, perthite, and albite. 

The first step in the transition from rhyo- 
lite to granite is a coalescing of the microgran- 
ular feldspar of the groundmass—forming 


TABLE 5.—COMPARISON OF ALKALI 


PERCENTAGES IN RHYOLITE 
AND GRANITE* 


| 
| K,O | Na,O 
Coarse granite, Green Valleyt | 4.85 | 2.56 
Medium-grained micrographic | 4.94 | 2.84 
granite, Green Valley 
Granophyre, Apache Ridge | 5.00 | 2.72 
Spherulitic rock, Apache Ridge | 9.21 82 
Columnar rhyolite, Apache Ridge | 
| 
Massive quartz porphyry, Oxbow 4.88 | 2.34 
Mountain 


* Analyses by W. H. Herdsman (1953). 

7 The Green Valley and Apache Ridge rocks are 
from the gradational contact described in the sec- 
tion on Granite-rhyolite gradations. 
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METAMORPHISM 


All the rocks of the older Precambrian terrane 
have been recrystallized to some extent. In the 
least-affected rocks the recrystallization is con- 
fined to the matrix or groundmass. Although 
these effects bear no spacial relation to intrusive 
rocks, they are attributed to the heat and 
aqueous circulation which resulted from the 
older Precambrian intrusions. Albite, quartz, 
and sericite crystallized in place of calcic 
plagioclase, clay mineral, and glass; and 
chloritic mineral, iron oxide, calcite, and 
epidote in place of ferromagnesian minerals. 

As most intrusive contacts are against 
rhyolite or quartzite there is little opportunity 
to evaluate the effects of contact metamor- 
phism. The granophyre intrusions have been 
essentially ineffective even against slate and 
basic volcanic rocks. The coarser-grained 
batholithic granite along the eastern boundary 
of the quadrangle has reacted with basic 
volcanic rock to produce an aureole in which 
the chlorite of the host rock has been replaced 
by biotite, and the intrusive rock enriched in 
muscovite. A xenolithic block which outcrops 
several miles within the granite north of the 


‘\- Intrusive 


+t Older 
sedimentary \ 
+ and volcanic ++#\ + 
+ + 
+ Granite strata | 
+ + + Granite 
+ 


Figure 5.—HyporHEticaL SECTION ACROSS THE DIAMOND BUTTE QUADRANGLE AT THE 
TIME OF GRANITIC INTRUSION 


small, irregular crystals of microcline which en- 
close crystals of quartz. Nearer the granite the 
crystals of microcline are larger and in some 
places are free of quartz inclusions, but fringed 
by radiating rods of quartz, as in micrographic 
granite. In the coarsest granite there are large 
(1 cm) crystals of slightly perthitic microcline 
which are nearly free of quartz and are sur- 
rounded by a relatively fine aggregate of quartz, 
microcline, and. sparse albite. This transition 
takes place within a few hundred feet. 


Diamond Butte quadrangle consists of actino- 
lite, chlorite, hematite, microcline, quartz, 
albite, sphene, and apatite. 


MINERALIZATION 


Metasomatic and vein mineralization of 
older Precambrian age is widespread and of 
considerable variety in the Diamond Butte 
quadrangle. Introduced specular hematite is 
particularly characteristic of the area. Exten- 
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STRUCTURAL FRAMEWORK 
OF THE OLDER PRECAMBRIAN ROCKS IN 
THE DIAMOND BUTTE QUADRANGLE, GILA, 
COUNTY, ARIZONA (Geology has been 
extrapolated beneath overlying younger rocks) 


FicureE 6.—STRUCTURAL FRAMEWORK 


sive silicification or sericitization is observed 
in several localities. Many of the veins are 
related to granite or granophyre intrusions; 
tourmaline and fluorite are distinctive among 
the gangue minerals, and the ores are charac- 


terized by chalcopyrite and gold. The intro- 
duced elements include lithium, boron, carbon, 
fluorine, sulfur, potassium, calcium, silicon, 
magnesium, iron, copper, lead, silver, gold, and 
tungsten. 
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STRUCTURE 


The older Precambrian rocks of the Diamond 
Butte quadrangle constitute a northeast- 
southwest trending belt, nearly surrounded by 
younger granite. The rocks of this belt are 
tightly to openly folded on axes with trends 
parallel to that of the belt as a whole. There is 
no distinct regional inclination to the axial 
planes of the folds, but with few exceptions 
folds plunge northeast. This plunge is com- 
monly 45° or greater and in the most tightly 
folded rocks is as much as 80°. The major 
faults of older Precambrian age trend 
northeast parallel to the folding. 

Viewed on a broad scale (Figs. 5, 6), the 
entire Diamond Butte region can be considered 
a northeast- southwest-trending anticlinorium; 
the adjacent synclinoria have been enveloped 
by intrusions of rhyolite and granite. 

The internal adjustments by which rock 
deformation was accomodated can be observed 
under the microscope in many of the rocks. In 
porphyries and argillaceous arenites the larger 
crystals are enclosed in a braided mesh of 
healed movement surfaces, giving an augen 
pattern to the fabric. Quartzite has been de- 
formed in the following ways: (1) by inter- 
granular brecciation, with the formation of 
mylonite in extreme cases; (2) solution and 
recrystallization along grain boundaries, in 
some places approaching complete recrystalliza- 
tion; and (3) adjustment within the grains, 
producing deformation lamellae, undulatory 
extinction, and _ individual jointing. The 
microscopic and megascopic features of rock 
deformation, particularly in the higher mem- 
bers of the stratigraphic sequence, suggest 
structural adjustment at moderate to relatively 
shallow depths and show little evidence of post- 
deformational metamorphism. 


Discussion 
Igneous Rocks 


Table 6 shows how much of the total strati- 
graphic section is composed of volcanic rock. 
With the exception of the post-Haigler rhyolite, 
the table is based upon sections in the Board 
Cabin Draw area of detail mapping. 

The General Stratigraphic Section indicates 
that of the maximum total of 30,000 feet 60 
per cent is volcanic rock, and 75 per cent of the 
volcanic rock is rhyolite. The distribution of 
the rhyolite is shown in Table 7. 

In the later part of the depositional se- 
quence, when volcanic rock became the pre- 
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dominate phase, rhyolite became the pre- 
dominate volcanic rock. Chemical and textural 
evidence indicates that the final extrusions and 
intrusions of rhyolite represent the same magma 


TABLE 6.—DISTRIBUTION OF VOLCANIC 
Rocks 1N TIME 


| 

Per cent of | 45 | — | 50 | tr. | 45 | 78 | 100 

strata 

consisting of 

volcanic 

rock 


TABLE 7.—DISTRIBUTION OF RHYOLITE 


IN TIME 
ais 
| 80] ‘a | 
la 
Per cent of | tr.| —| 3 | —|— | 24} 73 
total rhyo- 
lite 


that crystallized as granite. The petrographic 
features which demonstrate the evolution of the 
rhyolite-granite magma, beginning with the 
extrusion of the lower Haigler rhyolite, are 
shown in Table 8. (See also Tables 2-5.) 

One distinctive feature shared by the rhyo- 
lite and granite is the unusually high silica 
content (77-78% for Oxbow rhyolite and 
adjacent granites, Table 4). In comparison, 
the highest silica analysis noted in the literature 
was that of a granite of Arran (75.65%) re- 
ported by Tyrrell (1928). Similarly, ferro 
magnesian minerals are almost absent from 
both the rhyolites and granites. 

The granite batholith proper, north of 
Tonto Creek, is bounded by the thick Hell’s 
Gate tuff (KZO/K2O + NaxO = 70%). The 
gradational contact between the granite and 
the tuff is believed to be due to prolonged cool- 
ing resulting from the contemporaneous crystal- 
lization of the adjacent and underlying granite. 
The Hell’s Gate tuffs have not been deformed 
in the manner of rocks that predate the granite. 


Sedimentary Rocks 


From the Generalized Stratigraphic Section 
we can see that of all the sedimentary strata 28 


| 
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per cent is conglomerate, 25 per cent is arenite, 
and 48 per cent is interbedded slate wacke and 
slate. Table 9 shows how these classes of sedi- 
mentary rock are distributed through the 
stratigraphic sequence. 


TABLE 8.—DIFFERENTIATION OF THE 
GRANITE MAGMA 


Lower | Upper Green 
Haigler| Haigler bone Valley Valley 
rhyolite | rhyolite granite granite 


K,0/K,0 45 54 68 65 69 
+ Na,O 


(per 
cent) 

Quartz none | 1 mm | up to up to 10 
pheno- 5 mm mm 
crysts 

Feldspar albite| perth- | perth perthite 
pheno- ite ite albite 
crysts albite | albite minor 

minor 
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ing evidence suggests that the quartzite and 
fine conglomerate of the Houden formation 
were derived from volcanic rock. (1) The 
conglomerates, in addition to quartz gravel, 
contain only red jasper and rhyolite (bedded 
red jasper is present in the underlying Alder 
series, Wilson, 1939). (2) In some strata the 
heavy detrital-grain fractions contain rounded 
grains of such supposedly unstable minerals as 
apatite, epidote, and sphene but nowhere con- 
tain garnet or other minerals diagnostic of a 
metamorphic provenance. (3) Although potassic 
and sodic feldspar grains are numerous in some 
strata, no detrital grains of microcline have 
been observed, suggesting that microcline- 
bearing plutonic or metamorphic rocks did not 
contribute to these sediments. (4) The sub- 
rounded 1 mm-size quartz grains so character- 
istic of the quartzites are also found in the 
wackes and conglomerates of the Alder, Flying 
W, and Board Cabin formations, scattered 
among angular grains of volcanic material. The 
writer believes these quartz grains originated as 
rhyolite phenocrysts. If thousands of feet of 
quartzite were formed by the accumulation of 


TABLE 9.—DISTRIBUTION OF SEDIMENTARY FAcIES IN TIME 


| 
Board Post- 
Per cent of total Pre-Alder Alder Flying W | Houden | Cabin | Haigler Haigler 
Argillaceous rocks | 8 00té‘COkk:C:*” | tr. 5 | tr. 5 0 
Arenites | 38 tr. 57 | 5 | tr 0 
Conglomerate 0 | 3 | 34 | tr. 


Thus, in upward sequence the predominate 
sedimentary rock is slate wacke, arenite, con- 
glomerate. The sorting and degree to which 
fragile detritus is preserved in the arenites and 
conglomerates vary markedly, suggesting fre- 
quent variations in depositional environment. 
The upper Alder formation and Board Cabin 
formation, for example, represent periods of 
rapid sedimentary accumulation, whereas the 
Houden formation represents a stable interval 
during which all detritus was reduced to clay 
and quartz sand. 

What was the source of these detrital sedi- 
ments? The arenites and conglomerates of the 
Flying W, Board Cabin, and Haigler formations 
are identifiably volcanic. The abundance of 
feldspar and devitrified glass shards in the 
upper Alder formation indicates that it also is 
at least partially of volcanic origin. The follow- 


rhyolite phenocrysts, then many more thov- 
sands of feet of argillaceous detritus must also 
have been produced, and, thus, the wackes and 
slates could be of volcanic origin. 


Geologic History 


(1) Chemical and fine argillaceous deposi- 
tion was interrupted by flows of basic lava, 
under relatively stable conditions far from a 
source of coarse clastic detritus. 

(2) The lower Alder formation, consisting of 
graded wacke, slate, conglomerate, and thin 
quartzites, indicates a less stable environment 
of deposition more accessible to a clastic source 
area. The feldspathic wackes, chert, and con- 
glomerate of the upper Alder formation re- 
semble the sedimentary rocks found in many 
post-Cambrian volcanic geosynclines. 
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(3) While the Flying W formation was being 
deposited the area must have been at or above 
shore line, for the conglomerates include 
boulders of the volcanic members upon which 
they rest. Continued uplift exposed the area to 
erosion and produced the unconformity at the 
base of the Houden formation. 

(4) The next sediments to be deposited re- 
flect a return to stable shelf conditions. The 
rhyolitic rocks that had erupted at the height 
of the preceding uplift were gradually reduced 
to quartz sand and clay. Renewed eruption of 
basic lava marked the initial deposition of the 
Board Cabin formation. At first, sediments of 
Houden formation type and those of contem- 
porary volcanic origin were deposited alter- 
nately, but renewed uplift soon removed the 
area from the site of finer-grained deposition, 
and the succeeding strata consist almost en- 
tirely of volcanic rocks and their conglomerate. 

(5) In this stage of development rhyolite 
became predominate over more basic lava, and 
the rhyolite became richer in potassium and 
silicon. The final emplacement of magma broke 
through to the surface to form welded tuff 
(Oxbow Mountain) and great thicknesses of ash 
(Hell’s Gate). Shallow intrusions crystallized as 
quartz porphyry, and late magmatic potassium- 
tich solutions produced aureoles of granophyre 
and spherulite at granite-rhyolite contacts. The 
granite crystallized at a relatively shallow 
depth and was covered only by its own mantle 
of rhyolite. This orogeny closed the younger 
Precambrian history of central Arizona and has 
been named by Wilson (1939) the Mazatzal 
Revolution. 


Conclusions 


We have emphasized the trend from fine 
chemical-argillaceous sediments to coarse con- 
glomerate, and the trend from basic to rhyolitic 
lavas, because we believe the initial depositional 
assemblage was not unlike that of some modern 
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continental borderlands, whereas the ultimate 
deposits were of continental character. We have 
emphasized the similarities among the rhyolite, 
granophyre, and granite because we consider 
they are products of the same magma. 

The described rocks are, we believe, the prod- 
ucts of an igneous-sedimentary-orogenic cycle 
that commenced on a stable borderland some 
distance from shore. Its development was 
initiated by eruptions of basic lava and cul- 
minated with the intrusion and consolidation of 
granite magma. 

This area today forms the edge of the stable 
Colorado Plateau, well within the continent. 
But what we have been describing transpired in 
older Precambrian time. No one has found evi- 
dence for a metamorphic or plutonic basement 
to these strata. We cannot say with certainty 
that any of them originated from other than 
volcanic or chemical sedimentary rocks. Thus, 
this cycle could represent the pattern of pri- 
mary continental formation. 
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STRAWN-CANYON (PENNSYLVANIAN) BOUNDARY IN NORTH- 
CENTRAL TEXAS 


By Joun W. SHELTON 


ABSTRACT 


The Strawn—Canyon (Pennsylvanian) boundary in north-central Texas is evaluated 
from surface studies in the Colorado River and Brazos River valleys. Zonation based 
on fusulinids is the best criterion for defining the boundary. Strawn series is characterized 
by the genus Fusulina, Canyon series by Triticites. The brachiopod Mesolobus and 
bryozoan Prismopora, found in pre-Canyon beds, supplement the evidence. Because 
upper Strawn and lower Canyon units are generally not persistent in the outcrop area, 
the boundary is placed at three different stratigraphic positions so that locally promi- 
nent surfaces, which agree with paleontologic evidence, may be used as the contact. The 
Strawn-Canyon boundary in the Colorado River valley is considered to be the top of the 
Capps limestone, which is continuous to the north through Comanche County and most 
of Eastland County. In the southern part of the Brazos River valley the boundary is 
placed at the top of the “boulder” bed (of other investigators). This bed, which is present 
in northeastern Eastland County and southwestern Palo Pinto County, lies about 20 
feet above the Capps limestone. It is correlated with, and designated as, the Village Bend 
limestone of central Palo Pinto County. In eastern Palo Pinto County, the boundary is 
placed at the base of the Lake Pinto sandstone, which overlies the Village Bend limestone. 
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INTRODUCTION 


In north-central Texas Middle and Upper 
Pennsylvanian rocks are exposed in the Colo- 
tado River and Brazos River valleys (Fig. 1). 
Problems in correlation in this region are due 
mainly to the separation of these two outcrop 
areas by Lower Cretaceous rocks and marked 
facies changes along strike within and between 
these areas. 

Definition of the Strawn-Canyon boundary 
by various workers is shown in Table 1. Early 


workers (Tarr, 1890; Cummins, 1891; Drake, 


~ divided the Pennsylvanian rocks into 
1515 


upper Strawn and lower Canyon strata 
in north-central Texas... .............- 152 


TABLE 
Table Page 
1. History of correlation of upper Strawn and 


groups on the basis of lithologic characteristics. 
Their Strawn group is composed of shales, 
sandstones, and conglomerates, and their over- 
lying Canyon group consists of alternating 
massive limestones and shales. Accordingly, the 
Strawn-Canyon boundary was placed at the 
base of the lowermost principal limestone in 
each valley—the Palo Pinto limestone in the 
Brazos River section (Cummins, 1891, p. 374) 
and the “Coral” (Capps) limestone in the 
Colorado River section (Drake, 1893, p. 388). 
Plummer and Moore (1921, p. 89) defined the 
boundary between the groups in Brown County 
as the top of the Ricker bed (sandstone and 
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Figure 1.—InpEx Map or Nortu-CENTRAL TEXAS SHOWING AREA OF INVESTIGATION 


shale), below the Capps limestone. The Palo River section and at the base of the Lake Pinto 
Pinto limestone has been correlated with a sandstone in the Brazos River section. South of 
limestone in the lower part of the Brownwood the exposures of Capps limestone (PI. 1) the 
shale above the Capps limestone (Cheney, in boundary has been placed at the base of the 
Sellards et al., 1933, p. 110; Nickell, in Lee Rochelle conglomerate, the basal unit of the 
et al., 1938, p. 90-103). The Palo Pinto lime- Brownwood shale which occupies the approxi- 
stone, with its correlative bed in the Colorado mate stratigraphic position of the Capps lime- 
River valley, was regarded as the basal Canyon _ stone (W. A. Jenkins, 1952, Univ. Texas Ph.D. 
unit until Cheney (1940, p. 87) considered the _ thesis, p. 38). Primarily on the basis of ostracod 
Strawn and Canyon as series and on the basis of | assemblages, Cordell and Zimmerman (1954 
faunal zones redefined them to correspond to the _ p. 47-49) place the boundary at the base of the 
Desmoinesian and Missourian series of the Turkey Creek sandstone, above the Lake Pinto 
northern Mid-continent region. In his classifica- sandstone, in Palo Pinto County, and at the 
tion the Strawn-Canyon boundary is drawn at _ base of a limestone conglomerate in the Brow?- 
the top of the Capps limestone in the Colorado _ wood shale in central Brown County. Whitaker 
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(1956, p. 62-63) correlates the “boulder” bed, 
which is present in northeastern Eastland 
County and southwestern Palo Pinto County, 
with the Lake Pinto sandstone and places the 
boundary at the base of these two units. 

This paper evaluates the evidence for defini- 
tion of the Strawn-Canyon boundary by tracing 
individual beds and studying their fauna. 
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CRITERIA FOR DEFINITION OF BOUNDARY 


Based on fusulinid zones, the boundary be- 
tween the Strawn and Canyon, or Desmoinesian 
and Missourian, series is the most sharply de- 
fined datum in the Pennsylvanian system 
(Moore et al., 1944, p. 671-672). Strawn de- 
posits are characterized by the genus Fusulina, 
Canyon by the genus Triticites and by the 
absence of Fusulina. A number of fossils, such 
as Mesolobus among the brachiopods and 
Prismopora among the bryozoans, are restricted 
to pre-Canyon rocks, and dependence is placed 
upon them in drawing the boundary in Palo 
Pinto County, where fusulinids are sparse in 
uppermost Strawn strata. The coral Chaetetes is 
not restricted to Strawn and older deposits but 
ranges upward into the Canyon and Cisco 
strata (D. H. Eargle, personal communication, 
1953). The genus Chonetina, heretofore con- 
sidered a Canyon brachiopod, occurs with the 
Strawn fossils Mesolobus and Fusulina. Ostra- 
cod studies indicate that upper Strawn types 
characteristic of the upper East Mountain shale 
carry over into the Salesville shale, the lower- 
most shale of Canyon age in the Brazos River 
valley, and that only Canyon types occur in the 
upper part of the Keechi Creek shale (Cordell 
and Zimmerman, 1954, p. 47). 

Although unconformities 


are considered 
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important in defining several series of the 
Pennsylvanian (Cheney, 1940; 1947; Cheney 
and Goss, 1952), local unconformities in Strawn 
and Canyon strata are of little significance in 
establishing the boundary. 


CORRELATIONS 


In the Colorado River valley the Strawn- 
Canyon boundary has been placed at the top of 
the Capps limestone, or its sandstone equiy- 
alent (Pl. 1), and at the base of the Rochelle 
conglomerate (Cheney, 1940, p. 66; Jenkins, 
1952, Univ. Texas Ph.D. thesis, p. 38). In east- 
central McCulloch County the Capps limestone 
grades southward into sandstone, which is 
locally replaced by the Rochelle conglomerate, a 
channel deposit of earliest Canyon age (Jenkins 
1952, Univ. Texas Ph.D. thesis, p. 38). The 
Capps limestone contains Fusulina acme Dun- 
bar and Henbest and F. eximia Thompson. 
(D. H. Eargle, personal communication, 1953), 
Fusulina and Mesolobus have been found in the 
basal 5 feet of the Brownwood shale at two 
Brown County localities, but they are absent 
from higher beds. In defining the boundary the 
absence of these two fossils is considered more 
important than the Strawn-like ostracod as- 
semblage of the lower part of the Brownwood 
shale in central Brown County (Cordell and 
Zimmerman, 1954, p. 47-48). In this paper the 
top of the Capps limestone is considered as the 
top of the Strawn. The boundary is thus placed 
at a prominent position, and nearly all the 
paleontologic data are utilized. 

In northeastern Eastland County and the 
adjoining part of Palo Pinto County, the high- 
est Strawn fossils are found in the shale below 
an 8-foot section (the “boulder” bed) char- 
acterized by cobbles and boulders of limestone 
in a sandstone matrix. This unit can be traced 
into a thin limestone at its southernmost 
exposure. The “boulder” bed has been inter- 
preted as “Capps (Village Bend) limestone oi 
East Mountain formation because of the pres- 
ence of Mesolobus and Fusulina of Capps 
limestone” (Cheney, 1951, p. 33). Whitaker 
(1956, p. 62-63) correlates the “boulder” bed 
with the Lake Pinto sandstone. In this paper it 
is correlated with, and recognized as, the Village 
Bend limestone of Palo Pinto County on the 
basis of stratigraphic position, lithologic and 
petrographic character, and brachiopod fauné 
of the underlying shale. The southernmost ex 
posure of the “boulder” bed, or Village Bend 
limestone, is about 4 miles south of the East- 
land-Palo county line (Pl. 1). A Fusulina- 
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CORRELATIONS 


bearing limestone, the Capps, lies 15-25 feet 
below the Village Bend limestone and consti- 
tutes the highest datum in the Strawn south of 
the Village Bend outcrops. Within the Penn- 
sylvanian inlier of Comanche County the 
Capps limestone is exposed in the Sabana 
River and Copperas Creek valleys (Pl. 1). This 
bed was miscorrelated with the Palo Pinto 
limestone by Wender (1937). 

An unnamed, irregularly developed lime- 
stone, 20-40 feet below the Village Bend lime- 
stone in central and southwestern Palo Pinto 
County, is correlated with the Capps limestone, 
primarily on the basis of fusulinids. Fusulina 
is reported from beds in the upper part of East 
Mountain shale below the Lake Pinto sand- 
stone in the Mineral Wells area and from beds 
in western Parker County (Cordell et al., 1954, 
p. 18-21) which are mapped by Hendricks (in 
Cordell et al., 1954, p. 18) as Salesville shale but 
mapped by the writer as upper East Mountain 
shale. Where present, the Village Bend lime- 
stone marks the highest known occurrence of 
Mesolobus, and the base of the overlying Lake 
Pinto sandstone, a persistent surface in eastern 
Palo Pinto County and western Parker County 
(Pl. 1), is regarded as the Strawn—Canyon 
boundary. A change in the ostracod fauna 
occurs between the Salesville and upper Keechi 
Creek shales (Cordell and Zimmerman, 1954, 
p. 47), but the absence of Fusulina, Mesolobus, 
and Prismopora from beds above the Lake 
Pinto sandstone is emphasized in drawing the 
boundary. 


DESCRIPTION OF UpPpER STRAWN AND LOWER 
CANYON STRATA 


Colorado River Succession 


The outcrop belt of the Capps limestone 
extends 35 miles from an isolated inlier 9 miles 
northeast of Brownwood to northern McCul- 
loch County, in the vicinity of Mercury (PI. 1). 
In several areas along this belt the limestone 
isnot exposed because of channeling, Cretaceous 
overlap, or alluvial cover. The Capps limestone 
was named for the Capps farm 2 miles east of 
Brownwood (Plummer and Moore, 1921, p. 97). 
One mile southeast of the type locality several 
thin limestone lentils, 20 feet below the princi- 
pal limestone bed, have been included in the 
Capps limestone by almost all workers (Drake, 
1893, p. 388; Plummer and Moore, 1921, p. 98; 
Cheney, 1951, p. 55). However, these thin 
lenticular limestone beds represent a local 
development of limestone in the shale section 
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below the Capps limestone. The uppermost 
lentil overlies several colonies of Chaetetes, which 
are up to a foot in diameter. 

At its type locality the Capps limestone is 2 
feet thick and is fine-grained and ripple-marked; 
at several other localities it is a fine-grained, 
irregularly bedded limestone with coarsely 
crystalline calcite veinlets. Coquinas of fusu- 
linids, beds of detached crinoid stems, and 
limestone conglomerates with limestone and 
chert pebbles are also found in the member. 
Throughout most of its outcrop area in McCul- 
loch County, the Capps limestone is chalky and 
conglomeratic and is poorly exposed. Northeast 
of the channel deposits of Canyon age in 
southern Brown County (PI. 1), a 28-foot inter- 
val of three limestone beds and intervening 
shale is included in the Capps limestone. The 
limestone is 20 feet thick in southern Brown 
County along the Colorado River (Jenkins, 
1952, Univ. Texas Ph.D. thesis, p. 29). With 
the exception of coquinas of fusulinids and 
crinoidal limestones, fossils are rather sparse in 
the Capps member. The most common are 
Chaetetes, the horn coral Lophophyllidium, and 
several genera of brachiopods. 

Shale, lenticular sandstones, or beds inter- 
preted as channel deposits underlie the Capps 
limestone. The shale is nonfossiliferous at some 
places, but it contains abundant fusulinids or 
numerous mollusks at other localities. 

The following are characteristic sections of 
upper Strawn beds in Brown County. 


Locality: Southeast of Brownwood, .65 mile 
south of Pecan Bayou on southeast slope of hill 
along paved road that joins U. S. highways 84, 183, 
and 377 (Section 5, Pl. 1) 

Capps limestone—9.5 feet 
Limestone, light gray, finely crystalline, 
massively bedded, porous, undulatory 
Limestone, light gray, finely crystalline, ir- 
regular bedding, Chaetetes.............. 
Shale interval, mollusks in upper part...... 10.3 


Feet 


Sandstone, light gray, medium-grained, 
cross-bedded, fucoidal markings........ 2.5 


Shale, sandy, light gray to olive green, with 
thin sandstone lenses and _ ironstone 
bands. This interval shows steep irreg- 
ular depositional dips................. 27.4 


Locality: Southeast of Brownwood, .2 mile 
southwest of Austin Avenue (road to Elkins) in 
road cut on northwest side of road that joins U. S. 
highways 84, 183, and 377 (Cheney et al., 1950 
p. 12-14) 
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Capps limestone—10.3 feet Feet 
Limestone, light gray, finely crystalline, 
medium-bedded, mud-crack features, fu- 
Limestone, very light gray, earthy appear- 
ance on weathered surface, finely crys- 
talline, thin-bedded, shale partings, cri- 
noid stems, fusulinids, and Composila.. 7.5 
Shale, silty, light gray, with calcareous sand - 
stone lenses in upper part. Shale imme- 
diately below limestone is locally re- 
placed by medium-grained, channel-type 
sandstone, with maximum thickness of 5 
feet, or thin limestone conglomerate.... 10.5 


Locality: At southern edge of Brownwood, along 
road to Camp Bowie installations and Indian Creek 
.7 mile southwest of its intersection with Austin 
avenue, in ditch just west of road. 

Capps limestone—11.0 feet Feet 

Limestone, light gray, finely crystalline 

with coarse calcite veinlets, rather 
massively bedded, mud-crack features, 
Limestone, light gray, finely crystalline with 
calcite veinlets, thin-bedded, knobby 
bedding surfaces, Lophophyllidium and 


The poorly exposed Brownwood shale over- 
lies the Capps limestone. In east-central McCul- 
loch County, the Rochelle conglomerate, where 
present, is the basal member of the Brownwood 
shale (Jenkins, 1952, Univ. Texas Ph.D. 
thesis, p. 32). The Rochelle conglomerate is a 
rather extensive channel deposit which replaces 
the sandstone equivalent of the Capps lime- 
stone. It-has a maximum thickness of about 18 
feet near its type locality east of Rochelle 
(Plummer, 1950, p. 94). North of its type 
locality the chert conglomerate grades laterally 
into a thin, cross-bedded sandstone which 
contains fragments of marine fossils (Plummer, 
1950, p. 94). 

In southern Brown County rather extensive 
channel deposits replace the Capps limestone 
(Pl. 1). These deposits consist of thin-bedded 
sandstones and sandy shales. 

Northeast of the channel deposits in southern 
Brown County the lower part of the Brownwood 
shale is locally exposed and is composed of red 
shale with mollusks and brachiopods and two 
thin ferruginous limestone lentils. A thin 
Bellerophon-bearing limestone, approximately 
25 feet above the Capps limestone, is exposed 
just south of the Capps inlier along Salt Creek 
and about 2 miles south of Brownwood. 
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Brazos River Succession 


Eastland and Comanche counties —The Vil- 
lage Bend limestone, or “boulder’’ bed, is the 
only member between the Brazos River sand- 
stone (Strawn) and Wynn limestone (Canyon) 
that can be traced from Eastland County into 
Palo Pinto County. It is present along a belt 
extending from 1 mile north of the Eastland- 
Palo Pinto county line to 4 miles south of the 
county line (Pl. 1). Variations in thickness and 
lithologic character of the Village Bend lime- 
stone are closely related. It is 8 feet thick along 
Bear Creek, where the highest percentage of 
limestone boulders is present in a calcareous 
sandstone matrix. The limestone boulders are 
as much as a foot in maximum dimension. At 
its northernmost exposures the limestone 
“boulder” bed is 2 feet thick and less conglom- 
eratic. Here it overlies a thin fine-grained 
limestone which, like the Village Bend lime- 
stone at several localities in Palo Pinto 
County, is a microcoquina. The “boulder” 
bed (Village Bend limestone) is also thinner 
and less conglomeratic south of Bear Creek. At 
its southernmost outcrop it is a nodular, fos- 
siliferous limestone, less than 2 feet thick. 

In Eastland County outcrops of the Capps 
limestone, which lies 15-25 feet below the 
Village Bend limestone, extend from a point 2 
miles south of the Eastland-Palo Pinto county 
line to the Cretaceous overlap 9 miles to the 
south (Pl. 1). The limestone is exposed at two 
localities in the Pennsylvanian inlier in Co- 
manche County (PI. 1). One outcrop is along 
the Sabana River, 3 miles south of the town of 
Gorman; the other is 4 miles east of Sipe 
Springs. Lithologically the limestone is homo- 
geneous throughout most of its outcrop area. 
Numerous crinoid stems, fusulinids, fine fossil 
detritus, and calcite veinlets are present in the 
limestone. In Eastland County the Capps 
member is characteristically one bed, 1-3 feet 
thick. However, just north of the Cretaceous 
overlap (Pl. 1, Section 8), the limestone is 8 
feet thick and is thin-bedded with irregular, 
wavy bedding surfaces. In its exposures in the 
inlier of Comanche County the limestone is 
2-4 feet thick. 

At the Eastland-Palo Pinto county line the 
interval below the Village Bend limestone is 
shale, some of which is fossiliferous. Along Bear 
Creek (Pl. 1, Section 12), a brachiopod fauna— 
including Marginifera, Composita, Mesolobus, 
and Derbya—is present in the shale 8-15 feet 
below the Village Bend limestone. Nonfossilif- 
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erous shale and sandstone interfinger in the 
lower part of the section. 

Where both the Village Bend and Capps lime- 
stones are present, the interval between them is 
largely covered. Where the Village Bend lime- 
stone is absent, no resistant bed immediately 
above the Capps limestone is traceable over any 
considerable distance. Locally, horn corals, 
bryozoans, and brachiopods, including Mesolo- 
bus, are found in the lowermost part of the shale 
above the Capps limestone. 

In most of the northern part of its outcrop 
area in Eastland County the Capps member is 
underlain by a fine-grained sandstone, whereas 
farther south in Eastland County the underly- 
ing beds are shale or channel deposits. The 
upper part of the shale is generally nonfossilif- 
erous, but 20-30 feet below the limestone 
marine fossils are abundant. At several localities 
a thin ferruginous limestone or limestone 
conglomerate occurs 15-30 feet below the lime- 
stone. 

Lowermost Canyon beds are shale, except 
locally, where lenticular crinoidal limestones 
and fossiliferous sandstones are found 5-10 feet 
above the Village Bend limestone. 

The following sections in Eastland County 
describe upper Strawn beds. 


Locality: On south bank of Bear Creek .8 mile 
east of State highway 16 (Pl. 1, Section 12) 
Village Bend limestone—8 feet Feet 
Conglomerate (“‘boulder”’ bed), light gray to 
tan, large pebbles and cobbles of fine- 
grained limestone, matrix of fine-grained, 
calcareous sandstone.................. 8.0 
Shale, covered interval. Brachiopod genera 
Marginifera, Composita, Neospirifer, Dic- 
tyoclostus, Derbya, Chonetes, Mesolobus, 
and Cleiothyridina in slope 8-15 feet be- 
low Village Bend limestone............ 60.0 
Sandstone, calcareous, light tan, fine-grained, 
thin-bedded; interfingering with under- 
lying shale; thickening to the east...... 10.0 
Shale, medium gray to olive green, carbonace- 
ous material; thinning abruptly to the 


Locality: Along State highway 16, 7.8 miles 
south of its intersection with U. S. highway 80 
(Pl. 1, Section 9). Lower part of section was meas- 
ured east of highway on bank of South Fork Palo 
Pinto Creek; upper part, on slope of hill immedi- 
ately south of deep road cut 


Feet 

Limestone, very sandy, light gray, fine- 


Capps limestone—1.8 feet 
Limestone, light, gray, fine-grained to me- 
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dium crystalline, calcite veinlets, crinoid 
Limestone, sandy, ferruginous, light brownish 
gray, weathering to reddish brown, bra- 


Sandstone, calcareous, light tan, fine-grained, 
friable, 8 


Palo Pinto and Parker counties—The East 
Mountain shale, uppermost formation of the 
Strawn series, thickens northeastward from 
less than 150 feet northwest of Gordon to more 
than 300 feet in the Mineral Wells area. :Al« 
though marine and plant fossils are scattered.in 
the upper shale beds, these deposits are rather 
homogeneous. in lithologic character. Sand- 
stones in the upper part of the East Mountain 
shale are irregular in their stratigraphic and 
geographic distribution. These beds are lenticu- 
lar, averaging about 5 feet in thickness, but 
varying considerably within short distances. - 

Limestones and limestone conglomerates in 
the upper part of the formation are lenticular 
and quite varied in lithologic character. Odlitic 
and sandy limestones and fossiliferous lime- 
stone conglomerates with chert pebbles are not 
uncommon. The most significant limestone 
occurs 20-40 feet below the Village Bend lime- 
stone in central Palo Pinto County. It extends 
from Rocky Creek 2 miles east of Strawn to 
Village Bend on the Brazos River, a long U- 
shaped meander between Palo Pinto and Lone 
Camp (PI. 1). The distribution, thickness, and 
lithologic characteristics of this limestone are 
very irregular. At its westernmost outcrop and 
at a locality 5.5 miles north of Gordon along 
Farm Road 919, the Fusulina-bearing lime- 
stone is 2-4 feet thick and is argillaceous and 
glauconitic. Approximately 2 miles north- 
northwest of Mingus this zone consists of a 4- 
foot section of two limestone units with crinoidal 
shale between and above. In the upper crinoidal 
shale are fusulinids, bryozoans, and brachio- 
pods. Four miles north of Gordon (Pl. 1, Sec- 
tion 14) this section is composed of two thin, 
argillaceous, glauconitic coquinas and _ inter- 
vening 20-foot shale section. The limestone is 
18-20 feet thick 7 miles northeast of Gordon 
(Pl. 1, Section 16). At this locality it is shaly 
and thin-bedded; one of the thin beds contains 
fusulinids, and many of the others have 
crinoidal remains. Some of the crinoid columns 
are 1 inch in diameter and are intact for a 
length of 5 feet. Three hundred yards to the 
east in a good exposure on the bank of a creek; 
this unit is represented by three crinoidal lime- 
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stone beds which, together with intervening 
shale, have a total thickness of 5 feet. The lime- 
stone is less than 2 feet thick at its easternmost 
exposure. 

The outcrop area of the Village Bend, upper- 
most Strawn limestone, extends from a locality 
6 miles north of Gordon to a point 3 miles east 
of Village Bend on the Brazos River. It is a 
light-gray, dense, fine-grained limestone which 
weathers into very small pebbles. This limestone 
is lithologically very homogeneous and is con- 
stant in thickness. An exception to its homo- 
geneity is seen at its type locality, where the 
upper part is a thin fossiliferous limestone 
conglomerate. Underlying the limestone con- 
glomerate is a massively bedded limestone, 2.5 
feet thick, which overlies a fossiliferous marl 
that contains small limestone nodules. Where 
the Village Bend limestone grades into shale, 
a fossiliferous zone is present. In this zone are 
small limestone nodules lithologically like that 
of the limestone member. At most localities the 
Village Bend limestone contains a gastropod- 
coral fauna. The gastropod genera Straparolus 
and Shansiella are very common; the horn 
coral Lophophyllidium and colonial coral 
Syringopora are not abundant but characterize 
the limestone. Brachiopods and corals are most 
abundant where the limestone bed grades into 
shale. A very sandy limestone lens exposed at 
an abandoned clay pit in Mineral Wells has been 
regarded as the Village Bend limestone (Plum- 
mer and Hornberger, 1935, p. 35; Cheney, 1951, 
p. 16). However, this lens, whose distribution is 
limited to the clay pit, does not resemble the 
Village Bend limestone. In addition, a thin 
sandy limestone, about 12 feet higher, is cor- 
related, on the basis of macrofauna, with a thin 
sandy coquina below the Village Bend lime- 
stone, west of Lone Camp, and with a cal- 
careous shale section 100 feet below the Lake 
Pinto sandstone in southwestern Mineral Wells. 
Brachiopods, including many specimens of 
Punctospirifer kentuckiensis and Hustedia 
mormoni, an occasional Mesolobus mesolobus, 
and Chonetina flemingi, characterize this zone. 
At several localities west of Mineral Wells and 
east of the Brazos River, a fossiliferous lime- 
stone conglomerate, with chert pebbles, occurs 
30-50 feet below the Lake Pinto sandstone. At 
Lake Pinto in Mineral Wells this fossiliferous 
bed has been designated as the Village Bend 
limestone (Plummer and Hornberger, 1935), 
but its exact stratigraphic position is difficult to 
determine. 

One mile northeast of Mineral Wells two thin 
limestones are present in a 24-foot interval 
below the Lake Pinto sandstone. The lower bed, 
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which lies about 35 feet below the sandstone, is 
argillaceous and contains numerous fossils, 
including Mesolobus. The poorly exposed upper 
limestone is fine-grained, slightly argillaceous, 
and fossiliferous. It is correlated with a dense, 
lithographic limestone which is present to the 
east in Parker County (PI. 1). The latter bed is 
as much as 8 feet thick and forms a prominent 
cuesta; the overlying Lake Pinto sandstone 
crops out northwest of the face of the cuesta. 
This limestone may be the approximate equiva- 
lent of the Village Bend limestone. Whitaker 
(1956, p. 62) regards the limestone as a local 
facies within the Lake Pinto sandstone. 

Lower Canyon strata, included in the Sales- 
ville formation, are shale, sandstone, and thin 
limestone beds. The Salesville averages 175 feet 
thick and thickens northeastward. The Lake 
Pinto sandstone, the basal member of the for- 
mation, extends northeastward from an area 2 
miles west of Lone Camp to the Cretaceous 
overlap in Parker County. North and west of 
Lone Camp the sandstone is thin and dis- 
continuous. Along Farm Road 4 south of Palo 
Pinto the equivalent of the sandstone is a 10- 
foot clayey, calcareous sandstone; 1 mile to the 
east along the Brazos River it is 30 feet thick. 
Eastward from this locality the Lake Pinto 
sandstone consists of massive to cross-bedded 
sandstones and conglomerates, 15-50 feet 
thick. The member contains the largest quan- 
tities of conglomerate in the area between 
Village Bend on the Brazos River and Palo 
Pinto-Parker county line, where it is most 
prominent. The conglomerate beds, normally 
with white chert pebbles, are not so coarse as 
those of the Brazos River and Turkey Creek 
sandstones. The contact between the Lake 
Pinto sandstone and the East Mountain shale 
is unconformable. The sandstone is superjacent 
to the Village Bend limestone as the type local- 
ity of the latter. About 400 yards to the east 
the base of the sandstone is 20 feet above the 
limestone. In Mineral Wells the fossiliferous 
zone, which is 15 feet below the position of the 
Village Bend limestone, is 85-100 feet below 
the Lake Pinto sandstone. 

Most of the sandstones in the Salesville 
formation are thin lenticular beds, similar to 
the sandstones in the East Mountain shale. 
However, a sandstone between the Dog Bend 
limestone and the Turkey Creek sandstone 
extends northeastward from Farm Road 919 to 
the Cretaceous overlap. 

The Dog Bend, lowest limestone member of 
the Salesville formation, is the most persistent 
limestone member in the interval between the 
Brazos River sandstone and Wynn limestone. 
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It lies 55-75 feet above the Village Bend lime- 
stone north and northeast of Gordon and 30-40 
feet above the Lake Pinto sandstone in the 
Mineral Wells area. Typical limestone consists 
of two thin limestones and intervening shale 
interval, 3-8 feet thick. The limestone beds are 
1-3 feet thick and are markedly uniform in 
lithologic character. The lower limestone is 
dense and very fine-grained, with coarsely 
crystalline calcite veinlets. From its western- 
most exposure 6 miles north of Gordon, this 
bed can be traced northeastward to the Creta- 
ceous overlap. The upper limestone is present 
along a belt extending from the Lone Camp 
area to the Mineral Wells area. Brachiopods 
and corals are commonly found in the very 
fine-grained, slightly argillaceous limestone. 

The basal member of the Keechi Creek for- 
mation, which overlies the Salesville formation, 
is the Turkey Creek sandstone, 10-50 feet 
thick. Its outcrop area extends from a line 5-7 
miles north of Gordon to the Cretaceous ex- 
posures in Parker County. The western limit 
of the sandstone member is sharp, for east of 
Farm Road 919 north of Gordon it is 40 feet 
thick, whereas there is no trace of the sand- 
stone west of the same road. Chert conglomer- 
ates and fine- to coarse-grained sandstones are 
closely related and irregularly distributed 
within the unit. 

The following are sections describing upper 
Strawn and lower Canyon strata in Palo Pinto 
and Parker counties. 

Locality: Four miles north-northwest of Gordon, 
on east end of hill which is .3 mile north of public 
toad (Pl. 1, Section 14). 


Feet 
Sandstone, light tan, fine-grained, thin- 
20.0 
Unnamed Strawn limestone and shale inter- 
val (correlative to Capps limestone) —16.6 
feet 
Limestone, argillaceous, slightly sandy, 
brownish gray, weathering to reddish 
brown, very fossiliferous............... 
16.0 
Limestone, light gray, fine-grained, odlitic, 
glauconitic, fossils, including Fusulina.. 
Shale, bluish gray, ironstone concretions and 


Locality: On bank of creek 7.5 miles northeast 
of Gordon and 3.5 miles west-southwest of Lone 
Camp (PI. 1, Section 16). 


Dog Bend limestone—9 feet Feet 
Limestone, argillaceous, dark gray, fine- 

grained, dense, fossiliferous............ 1.5 

Covered intetval:. 6.0 


Limestone, light gray, fine-grained, dense, 
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calcite veinlets, yielding blocks to slope 


Shale interval, upper part covered.......... 55.0 
Limestone, sandy, light gray to tan, fossilifer- 


Village Bend limestone—6.2 feet 
Limestone, light gray, fine-grained, mas- 
sively bedded, fossiliferous, weathering 
Unnamed limestone (correlative to Capps 
limestone)—18.0 feet 
Limestone, argillaceous, bluish gray, thin- 
bedded, with some interbedded shale, 
fossils, including Fusulina.............. 18.0 


Locality: On steep slope about 4 miles south of 
Palo Pinto on Farm Road 4 (includes Pl. 1, Section 
19) (Cheney, 1949, p. 26) 


Feet 
Unnamed Canyon sandstone—21.5 feet 
Sandstone, calcareous, tan, medium- 
grained, rather thin-bedded............ 4.5 
Interbedded sandstone and shale (pre- 
Sandstone, tan, fine-grained, medium- 
Shale interval, with some sandstone. ..... 4.5 
Sandstone, calcareous, tan, medium- 
grained, massively bedded............. 5.0 


Dog Bend limestone—13.0 feet 
Limestone, light gray, dense, medium- to 


thin-bedded, fossiliferous............... 32 
Shale interval, fossils... 8.0 
Limestone, light gray, fine-grained, dense, 


Shale, slighty silty, bluish gray, with several 
thin, very calcareous sandstones (or 
Shale, very sandy, calcareous, yellowish gray, 
plant impressions, marine fossils in upper 
Village Bend limestone—6.5 feet 
Limestone, light gray, fine-grained, mas- 
sive in upper part, thin-bedded in lower 


part, gastropods and corals............ 6.5 
Shale interval, lower part covered........... 19.0 
Limestone, odlitic, light gray, lenticular. .... 


Locality: Along Rock Creek 4-5 miles north- 
northwest of Lake Mineral Wells dam (includes 
Section Pl. 1, 24). 


Feet 
Dog Bend limestone—1.5 feet 
Limestone, light brown, very fine-grained 
(lithographic), few brachiopods........ . 1.5 
Lake Pinto sandstone—19.0 feet 
Sandstone, light gray, medium-grained, 
massively bedded, with some cross-bed- 
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Unnamed limestone (approximately correla- 
tive to Village Bend limestone)—2.5 feet 
Limestone, light gray, fine-grained, calcite 
veinlets, massively bedded, brachiopods. 
Covered interval 
Sandstone, light gray to tan, fine-grained, fos- 
sils and plant material 


2.5 
5.0 


CONCLUSIONS 


The Strawn-Canyon boundary, placed at 
prominent surfaces as paleontologic evidence 
allows, is drawn at the top of the Capps lime- 
stone in the Colorado River valley, at the top 
of the Village Bend limestone (“‘boulder’’ bed) 
in Comanche and Eastland counties, and at the 
base of the Lake Pinto sandstone in the north- 
eastern part of the Brazos River valley (PI. 1). 
Sharp definition of the boundary in the vicinity 
of the town of Strawn is prevented by the 
absence there of key beds, such as the Lake 
Pinto sandstone and Village Bend limestone. 

The Fusulina-bearing limestone of Eastland 
and Comanche counties is correlated with, and 
designated as, Capps limestone because of: 
(1) presence of same species of Fusulina in the 
limestone in both areas; (2) presence of Mesol- 
obus and/or Fusulina in shale above the lime- 
stone at several localities in both areas; (3) 
similarity in lithologic characteristics—abun- 
dant fossil detritus and crinoid stems. The 
unnamed limestone that occurs below the 
Village Bend limestone in Palo Pinto County 
is correlated with the Capps limestone because, 
(1) both units contain the same species of 
Fusulina, and (2) Mesolobus occurs in strata 
above the two limestones. The “boulder” bed 
section of Eastland County is designated as the 
Village Bend limestone because of the: (1) 
presence of many specimens of Marginifera 
splendens, Mesolobus mesolobus, Cleiothyridina 
orbicularis, and Composita subtilia in shale 
underlying both the “boulder” bed and Village 
Bend limestone; (2) stratigraphic position of the 
two units in relation to the underlying Fusulina- 
bearing limestones; (3) similarity in lithology 
and petrography at several localities—presence 
of nodular limestone and of microcoquina in 
both units. 
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In the course of an argument by analogy— 

with which I am not otherwise concerned—W. 
C. Stoll (1958, p. 443-444) makes the following 
statement: 
“Great buoyant powers of rising magma are in- 
ferred by Shand (1951) in his account of the man- 
ner of emplacement of a huge inclusion of crystal- 
line limestone, 1 mile by three quarters of a mile, 
which lies enclosed in a stock, 6 miles square, of 
nepheline rocks intrusive into the red granite of 
the Bushveld complex in the district of Sekukuni- 
land, eastern Transvaal. The source of the inclusion 
is the thick dolomite series of the Transvaal sys- 
tem, which lies beneath the floor of the Bushveld 
granite lopolith, about 3 miles below the present 
surface.” 


It is clear from this inference that correlation 
of the crystalline limestone with the Transvaal 
dolomite has been accepted as if it were an 
established fact. Since the evidence against this 
correlation is as conclusive as one can ever 
expect to find in geological investigations, it is 
obviously desirable that it should be briefly 
summarized, so that Shand’s mistaken inter- 
pretations should no longer be given further 
publicity. 

After a detailed study of the Complex, 
Strauss and Truter (1951) suggested that the 
crystalline limestone was a carbonatite of mag- 
matic origin. Their reasons, which are fully 
discussed, include the following: (1) the great 
size of the main “xenolith” (see Shand, 1951, 
Fig. 50 on p. 322) in relation to that of the 
Complex (6 square miles not “6 miles square”’) 
—a mechanical difficulty that puzzled even 
Shand; (2) the peculiar coincidence, which 
would be extraordinary if it were true, that this 
and other blocks of limestone of alleged sedi- 
mentary origin should be floated up so that they 
invariably manage to be exposed at the present 
level of erosion without being accompanied by 
any of the noncalcareous sediments with which 
they were originally interstratified; (3) the 
marked differences in structure and composi- 
tion, other than those due to metamorphism, 
between the “xenolith” and the Transvaal 
dolomite (the latter is generally a magnesian 
limestone containing abundant chert); (4) the 
occurrence and distribution of dikes of car- 
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bonatite; (5) the presence of agglomerates indi- 
cating the activity of high-pressure gases. 

While Strauss and Truter were working at 
Spitskop, I was developing the hypothesis that 
the potassium-rich ultrabasic volcanic and sub- 
volcanic rocks of southwest Utanda were 
products of reaction between solid siliac ma- 
terials, such as granite, and fluid carbonatite 
(Holmes, 1950; 1952). This is simply Daly’s and 
Shand’s “limestone-assimilation” hypothesis 
turned inside out. To test this idea I asked my 
friend Dr. P. Baertschi of Basle if he would add 
an investigation of carbonatites to his program 
of isotope research on carbonate rocks. This he 
most generously agreed to do, and I sent him a 
collection of critical specimens from Uganda 
and elsewhere. By good fortune I was able to 
include a specimen of the Spitskop crystalline 
limestone and, for comparison, one of mag- 
nesian limestone from the Dolomite series of 
the Transvaal system. The results, recorded 
below, represent deviations, 5%, of the value 
of 08/0" for a given sample from that of the 
limestone used by Baertschi as his standard 
for comparison (St)—and similarly for C¥/C™ 
—expressed in the form: 


018/016 — (St) 018/01 


(St) ow 1000 


(and similarly for 5¢%) 


Sedimentary carbonate rocks, in accordance 
with their formation in an open system at low 
temperatures, are appreciably richer in the 
heavier isotopes than are carbonatites, which 
have a high temperature source. The following 
figures (Baertschi, 1951; 1957, p. 117; Holmes, 
1956, p. 163) tell their own story: 


50%o 5c%o 
Range for sedimentary car- +1.6to +5.2 to 
bonate rocks —5.2 —3.2 
Magnesian limestone —4.0 —2.3 
(Dolomite series) 
Crystalline limestone, —20.6 —8.0 
Spitskop 
Range for carbonatites -—12to  —2.3to 
—22 —10.4 
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The geochemical contrast, already used in 
evidence by Strauss and Truter (1951), has 
been emphasized by the following results of 
spectrochemical determinations carried out by 
Higazy (1954, p. 64) on parts of the same 
specimens as those sent to Baertschi. 


Abundances (in ppm.) 
of 

Specimen 

Ba| Sr |La| Y 

Magnesian limestone 5 a ey 
(Dolomite series) 

Spitskop crystalline lime- | 650; 10,000, 400) 120 

stone 


*Less than 30 ppm., the limit of sensitivitv 
for La and Y. 


The evidence is all uniformly consistent with 
the interpretation that the Spitskop crystalline 
limestone is a carbonatite and not, as has been 
supposed, an enormous mass of the “Dolomite” 
floated up by a hypothetical magma. 
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ABSOLUTE DATING OF BENTONITES BY STRONTIUM-RUBIDIUM ISOTOPES 


J. A. S. Adams, G. Edwards, W. Henle, and K. Osmond 
The Rice Institute, Houston, Texas; Shell Development Co., Houston, Texas; Shell Development Co., 
Houston, Texas; The Rice Institute, Houston, Texas 


Preliminary attempts to obtain absolute ages of bentonites have been made by isotopic Sr/Rb 
analysis of mica separated from the bentonites. Of the four mica samples listed below, one gives an 
impossibly low apparent age (44 m.y.) for the host bentonite; the other three apparent ages are 
somewhat systematic in indicating ages that are higher than the best estimates for the host bentonites. 
It is interesting to note that the maximum of 80 m.y. for the time between Middle Ordovician and 
Late Devonian is in satisfactory agreement with the best estimates. Further refinements in technique 
should yield more accurate ages. 


‘ é 5 Probable Age of | Sr/Rb Age of 
Stratigraphic Age of Bentonites Bentonites Mica Separate 
(m.y.) (m.y.) 
GH-25 Dowelltown member of the Chattanooga 270 + 30 | 410 + 40 
shale; Upper Devonian | 417 + 40 
GH-14 Chicamauga limestone, Middle Ordovician 390 + 40 44 
GH-27 Carters limestone, Stone Rivers group, 390 + 40 496 + 50 
Middle Ordovician 
GH-31 Egglestone limestone, Middle Ordovician 390 + 40 | 451 + 50 
479 + 50 


The use of shorter-lived natural radioactivities e.g., K-40 on the mica—and the use of Th-U-Pb 
methods on the fine euhedral zircons also present in the bentonites may also lead to more accurate 
dates for these stratigraphic marker beds. 


STUDENT REPORT WRITING MUST BE IMPROVED 


Allen Agnew 
University of South Dakota, Vermillion, S. D. 


At graduation, most of our college students are inadequately prepared to communicate their 
geologic findings, either by writing or by speaking. 

Two important factors are: (1) poor preparation in grammar and composition as used in everyday 
communication; and (2) insufficient instruction in methods of writing scientific reports and in pre- 
senting them verbally. 

Number 1 is a problem for the secondary schools rather than the colleges, and should be pushed 
back into their laps. Number 2 is very much the problem of the college Department of Geology. 

A course in scientific writing is as important as a course in field or laboratory methods, for, if the 
field or laboratory work is inadequately described or is not understandable to the rest of the profes- 
sion, the results of the research are thereby lost to all but the geologist who did the work. 

We geologists must insist on a program whereby thorough training in scientific writing is required 
of the geology major. 
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MINERAL AGE MEASUREMENTS IN METAMORPHIC ZONES OF IRON AND 
DICKINSON COUNTIES, MICHIGAN 


; L. T. Aldrich 
Dept. of Terrestrial Magnetism, 5241 Broad Branch Road, N.W., Washington, D. C. 


The metamorphic zones in the vicinity of Iron Mountain, Michigan, have been mapped in detail 
by H. L. James and his colleagues of the United States Geological Survey. With their guidance, 
samples of mica from many of the zones were collected for mineral age determinations by the K-A 
and Rb-Sr methods. Ages have been obtained on micas from the sillimanite, garnet, and biotite zones 
and from the Mary Lake granite which is thought to be in the core region of the metamorphism. 
Ages have also been obtained for micas from pegmatites in Dickinson County which have been 
thought to be related to the Mary Lake granite but which do not actually intrude the sedimentary 
series which is metamorphosed. 

All the Rb-Sr ages, except those of the pegmatites, agree within the errors of measurement at 1380 
million years indicating that all the micas analyzed from the metamorphic zones were formed at the 
same time as that of the Mary Lake granite. This fact agrees with the present geologic interpretation 
of the area. The pegmatites in Dickinson County are of a distinctly different age (1750 million years), 
and the agreement of the Rb-Sr and K-A ages suggests that they were in place at the time of the 
metamorphism and little affected by it rather than that they were related to the Mary Lake granite 
itself. 

HARAGAN-BOIS D’ARC (DEVONIAN) BRACHIOPODS* 


Thomas W. Amsden 
Oklahoma Geological Survey, Norman, Okla. 


The Haragan and overlying Bois d’Arc formations are a part of the Hunton group which crops out 
in south-central Oklahoma. They are Helderbergian in age; the Haragan is underlain in most areas 
by the Henryhouse formation (Upper Silurian), and the Bois d’Arc is locally overlain by the Frisco 
formation (Deerparkian). The Bois d’Arc can be divided into two members, a lower argillaceous cal- 
cilutite (Cravatt member) and an upper calcarenite (Fittstown member). The megafauna of each 
formation is dominated by the brachiopods; the Bois d’Arc contains 40 brachiopod species, and the 
Haragan 38 species. 

Past investigators have assigned the Haragan to the New Scotland and the Bois d’Arc to the Be- 
craft. In contrast the writer’s stratigraphic investigation of the Hunton group indicates that the Bois 
d’Arc is a facies of the Haragan, and a comparison of the brachiopod faunas fully confirms this. All 
the brachiopod genera in the Haragan are present in the Bois d’Arc, and 58 per cent of the combined 
Haragan-Bois d’Arc species are common to both formations. There is a difference in the relative 
abundance of most species, and this gives the faunas a different aspect, but these differences are 
related to lithology rather than to any time factor: some species are common in the calcarenites and 
rare in the more shaly strata, and vice versa. 

The Haragan-Bois d’Arc brachiopods are closely related to those from the New Scotland of New 
York. 

ORIGIN OF THE MISSISSIPPI VALLEY TYPE DEPOSITS 


G. C. Amstutz 
Missouri School of Mines and Metallurgy, Rolla, Mo. 


The three conventional theories on the origin of the Mississippi Valley type mineral deposits are 
marked 1, 3, and 4 in the following scheme: 
(1) syngenetic-supergene 
(2) syngenetic-hypogene 
(3) epigenetic-supergene 
(4) epigenetic-hypogene 


* Publication authorized by the Director, Oklahoma Geological Survey 
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The syngenetic-hypogene possibility may explain the origin of the large disseminated deposits of 
the Mississippi Valley type best and appears to overcome the difficulties met with by the conven- 
tional theories. This new approach accepts the syngenetic character of the ore just as does theory 1. 
The syngenetic nature is mostly shown by the pre- and syndiagenetic sedimentary fabrics which 
were analyzed in detail, and by the lack of replacement criteria. It brings the ore fluid in from below 
as hydrothermal solutions which reached the surface and dumped their mineral wealth into the ocean 
as submarine exhalations. 

There are good reasons to assume that in general a large portion of hydrothermal ore fluids reaches 
the surface of the earth and that there are many gradual transitions in both physico-chemical condi- 
tions and mineralogic compositions between magmatic and sedimentary rock and ore formations. 
We are thus more often dealing with transitions rather than only convergences between these two 
extreme types of rock and mineral geneses. 

Like other stable shield areas, the Middle West shows frequent rejuvenation of Precambrian polyg- 
onal fracture systems which may have served as channelways for the gradually decreasing degassing 
of the earth, leading to mineralizations at least all through Paleozoic times, and thus over much 
longer periods of time than normally in orogenic belts. 


EPIGENETIC AND SYNGENETIC THEORIES OF FORMATION OF ROCKS 
AND MINERAL DEPOSITS 


G. C. Amstutz 
Missouri School of Mines and Metallurgy, Rolla, Mo. 


Many vital problems of rocks and mineral deposits are presently linked to criteria for syngenetic or 
for epigenetic origin. Two opposite schools of thought teaching these two different modes of origin 
have developed with regard to the origin of such major groups of ore deposits as the Mississippi Val- 
ley type, the red-bed copper and uranium type, the native coppers in lavas, the Blind River or 
Witwatersrand type, the porphyry copper, porphyry molybdenum or porphyry iron type, the Lake 
Superior iron and the Kiruna iron type, the Bushveld type, etc. It is significant that the same two 
patterns of thought developed largely independently in the discussion on the origin of granites, 
spilites, cherts, dolomites, etc. 4 

A comparison of genetic criteria used in discussions on these rocks and mineral deposits and of the 
two patterns of reasoning showed that the subdivision into a magmatic and a metasomatic or diffu- 
sionist school is less significant and basic than is the subdivision into epigenetic and syngenetic pat- 
terns of thought. These patterns can also be found in other sciences and in all other domains of 
human spirit. Light is thrown on the nature and role of these patterns, and it is shown that their 
recognition and analysis will eliminate old dogmatic misunderstandings and misinterpretations. 


MINERALIZATION ZONING BASED ON HABIT CHANGES OF PYRITE 


G. C. Amstutz and Attilio Ligasacchi 
Missouri School of Mines and Metallurgy, Rolla, Mo. 


A statistical study of pyrite habits as related to known zoning changes in ore deposits and in rocks 
in general has yielded some preliminary results. These suggest that habit changes of pyrite may be 
used successfully as zone indicators in exploration and mining. Although the factors influencing the 
morphology of pyrite and minerals in general are numerous and in many cases obscure, the statistical] 
distributions found so far allow preliminary conclusions on conditions related to mineralization. For 
example, cubes are more likely to form at lower temperatures and/or at lower S concentrations. Sedi- 
mentary rocks contain cubes almost exclusively. In one porphyry copper deposit the highest grade 
of primary mineralization occurred in a zone where pyritohedral habit predominated over cubic. 

A special technique for the morphological distinction of pyrite fragments has been developed. It 
consists of a classification of accessories (vicinals, vicinaloids) on the surfaces of the cube, the pyrito- 
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hedron, and the octahedron. This classification allows a distinction of the prevalent habit. An attempt 
is made to understand the genetic relationships between conditions of formation in nature and crystal 
habits. This approach is made on the basis of periodic bond chain vectors (P.B.C. vectors) and energy 
conditions controlling class F or flat faces, class S or stepped faces, and class K or kinked faces. 


GENETIC ASPECTS OF THE MONAZITE AND COLUMBIUM-BEARING 
RUTILE DEPOSITS IN NORTHERN LEMHI COUNTY, IDAHO 


Alfred L. Anderson 
Department of Geology, Cornell University, Ithaca, N.Y. 


Deposits of monazite and columbium-bearing rutile in a belt more than 10 miles long in northern 
Lemhi County, Idaho, are distinguished by their notable concentrations of rare earth elements, 
thorium, titanium, columbiun, iron, calcium, barium, phosphorus, sulfur, and silica, and particularly 
by their abundance of carbonates, chiefly ferriferous calcite. These deposits occur as structurally con- 
trolled replacements of crystalline limestones, amphibolites, and porphyroblastic gneisses which form 
a part of the complex metamorphic border zone of the Idaho batholith. Most of the deposits are small, 
tabular, and show a sporadic and irregular distribution of minerals, the most abundant of which are 
actinolite, allanite, monazite, apatite, barite, columbium-bearing rutile, ilmenite, magnetite, and 
calcite. Minor minerals, some of them sparse, include biotite, garnet, glaucophane, sphene, pyrite, 
pyrrhotite, and chalcopyrite. The silicates were deposited first, then successively phosphates, sul- 
fates, oxides, carbonates, and sulfides. Most of the thorium entered the allanite rather than the 
somewhat later monazite. 

The deposits possess all the compositional characteristics of the carbonatites, but differ from the 
type carbonatites in their apparent lack of association with alkalic igneous rocks. They appear to 
have been made by hydrothermal solutions genetically related to the Idaho batholith. 


FURTHER EQUILIBRIUM STUDIES IN THE SYSTEM Al.0;-Si0.-H,.O UNDER 
HYDROSTATIC AND UNIAXIAL PRESSURE 


S. Aramaki and Rustum Roy 
Department of Geophysics and Geochemistry, College of Mineral Industries, The Pennsylvania Slate 
University, University Park, Pa. 


Earlier work in this system up to 700°C. and 2000 atmospheres has been extended (by some 350 
runs), conducted in the ranges (1) sealed system under hydrostatic pressure of 5000 atmospheres 
(max.) and 750°C., (2) atmospheric or low (<1000 atm.) water pressure up to 1850°C., (3) uniaxial 
pressure up to 600°C. and 50,000 atmospheres. 

Relationships found by Roy and Osborn up to 2000 atm. are essentially confirmed. Hydralsite is 
probably metastable throughout the p-t range. At higher pressures (>3000 atmospheres) it is re- 
placed in long runs either by two hitherto undescribed phases, or pyrophyllite + boehmite. 

Of the AlSiO; polymorphs only andalusite could be reproducibly synthesized. The dissociation 
of andalusite to mullite and quartz takes place at 720°C. at 500 atm., the temperature being lowered 
slightly with a pressure increase to 3000 atmospheres. Kyanite could not be synthesized below 600°C. 
at pressures up to 5000 atmospheres either in the AlO;-SiO.-H2O system or with the addition of 
various mineralizers. 

Considerable evidence—from the conversion of gels, kaolinite, hydralsite, etc.—indicates a real 
stability field for the assemblage quartz + corundum in a p-t area centering around 600°C. and 4000 
atmospheres. Though the phase evidence indicates solid solution of Al,O; in mullite at 1800°C. the 
data suggest almost no width to the homogeneity range at 900°C. or 1200°C. 
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GEOCHEMICAL EXPLORATION AT DARWIN MINES, CALIFORNIA 


Carl F. Austin and Mathew P. Nackowski 
Department of Mining and Geological Engineering, University of Utah, Salt Lake City, Utah 


Geochemical samples were collected from five localities in silicated limestones at the lead-zinc-silver 
replacement type ore deposits at Darwin Mines, Darwin, California. The localities sampled included 
fractures and contacts between silicated limestone and replacement type ores, diorite, and feldspathic 
limestone. 

Samples were analyzed spectrochemically. Preliminary semiquantitative analyses included lead, 
silver, zinc, copper, iron, boron, and sodium. Lead was selected as the indicator element for ore. 
Lead was analyzed quantitatively using bismuth as an internal standard. The precision of the ana- 
lytical procedure, stated as the relative standard deviation, was +22%. 

The following conclusions were reached. The primary trace lead background value in silicated lime- 
stones was 18 ppm. Anomalous trace lead values increased logarithmically as ore bodies and mineraliz- 
ing channels were approached. The dispersion distance in massive wall rock was 8 to 20 feet. Anoma- 
lies in trended trace-lead dispersion curves reflected the presence of ore bodies. Trended anomalies 
were found 30 to 60 feet from known ore. Most of the anomalous trace lead was caused by galena or 
lead-bearing products of weathering. Background values are probably caused by substitution of lead 
for calcium and potassium in existing minerals or adsorption on mineral surfaces. The dispersion 
curves indicated either rapid diffusion from a short-lived source or slow diffusion from a long-lived 
source. The trace-lead dispersion patterns suggested that permeable beds and fractures served as ore- 
solution conduits. Secondary trace-lead anomalies were found in chemically weathered areas beneath 
ore bodies. 


METHOW-PASAYTEN FAULT TROUGH, NORTHEASTERN CASCADES, WASHINGTON 


Julian D. Barksdale 
Department of Geology, University of Washington, Seatile, Wash. 


A belt of strongly, in places isoclinally folded and overturned, faulted and intruded Cretaceous and 
possibly upper Jurassic shales, arkoses, conglomerates, andesitic sandstones, and bedded volcanic 
rocks has been faulted down against the complex of gneisses and granodioritic rocks to the east called 
the Remmel batholith by Daly. The fault has been traced from a point where the Pasayten River 
crosses the Canadian Boundary at 120° 33’ W. Long. approximately S. 30° E. for 47 miles. The dip 
of the fault was not measured directly but is thought to be very steep to the west. Well-developed 
mylonites have been collected from a number of localities along the entire mapped length of the fault. 
The fault trough which varies from a width of 16 miles in the vicinity of 48° 30’ N. Lat. to more 
than 26 miles near the Canadian Boundary is delimited on the southwest by a complex of faults 
striking N. 40°-50° W. and dipping steeply to the northeast. Along these the Chelan granodioritic 
mass and its northwestern extension of schists and gneisses mapped by Misch have been uplifted to 
form a part of the northern, High Cascades. 


MEASUREMENT OF THE SOLUBILITY OF ZnS IN H2S-SATURATED H:0 


H. L. Barnes 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C. 


Apparatus and experimental technique have been developed for measuring solubilities up to 400°C. 
and 5000 p.s.i. By using double valves to withdraw 5 ml samples from a 1 L. reaction vessel, there 
is a pressure drop of less than 0.5 per cent at approximately constant temperature during the extrac- 
tion. Corrosion is held to a minimum with thick chrome plating on type 310 stainless steel. The pres- 
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sure gauge is chemically isolated from the system with a “U” tube containing paraffin oil. Equilibrium 
is attained in minutes above 50°C. by rocking the reaction vessel for agitation. Weighed amounts of 
solids, liquids, and a gas may be inserted into the reaction vessel without contamination. 

In the system ZnS-H2S-H:O, polarographically measured solubilities of ZnS exceed 10 mg/L at 
75°C. and 300 p.s.i. which is more than 10° times the calculated solubility product under these condi- 
tions. At 25°C. and 100 p.s.i., the solubility is not detectable (<1 mg/L). The solubility is controlled 
by the formation of complex ions of the type (ZnS-x H,S). The magnitude of the determined solubili- 
ties indicates that these complex ions are stable even at low temperatures and pressures. This type 
of complex is probably not the ore-transporting mechanism, but a fundamental understanding of this 
three-component system is necessary before the four-component systems containing polysulfide 
and thiosulfate complexes at high pressures and temperatures can be interpreted. 


THERMODYNAMIC PROPERTIES OF SOME SYNTHETIC ZINC AND COPPER 
MINERALS 


Paul B. Barton, Jr., and Philip M. Bethke 
U. S. Geological Survey, Washington, D. C.; Missouri School of Mines and Metallurgy, Rolla, Mo. 


Measurement of pH of a solution of known Zn*? or Cu concentration in equilibrium with the 
metal hydroxide or oxide allows the calculation of an apparent equilibrium constant (K’ = 
{M**]-a2on—) which varies with composition of the solution. Extrapolation of K’ values to infinite 
dilution permits evaluation of a true equilibrium constant (K = am+2-a’on- ). This procedure is 
applied to the determination of the equilibrium constant for ZnO (zincite). CuCl, and CuSO, solutions 
precipitate the basic salts Cus;(OH),Cl. (atacamite) and Cu,(OH),(SO,) (brochantite) at concentra- 
tions greater than about 10~ molar. Extrapolation to infinite dilution gives the equilibrium constants 
for these basic salts. At higher pH values reactions such as 


Cu,(OH) «Cl, + 20H- = 4CuO + 2Cl- + 4H.O (1) 
and 
Cu,(OH) + 20H- 4CuO + SO," + 4H.O (2) 


take place and permit the evaluation of K for CuO (tenorite). The variation of K with temperature 
(25°-75°C.) permits the calculation of heat content for the various precipitates. The data so far ob- 
tained are: 


K (Kcal/mole) (Kceal/mole) 
Zincite 10717.0540.1 —76.9 
Tenorite —30.1 —38.8 
Atacamite 69.5+0.4 —320.9 —389.9 
Brochantite — 434.5 —519.6 


To the extent that the pH measurements represent the hydrogen-ion activity the ratio K/K’ gives 
the activity coefficient of the metal ion at any particular ionic strength. The activity coefficients of 
Cl- and SO," are derived from [Cl-]/a’on- = Ky’ and [SO,“]/a’on- = Ky’ obtained by pH measure- 
ment from reactions (1) and (2). 

The variation of activity coefficient with composition provides an effective means of studying 
complex formation. 


HYDROXYL ORIENTATION IN THE MICAS 


William A. Bassett 
Department of Geology, Columbia University, New York, N. } 


Single-crystal work on the infrared spectrophotometer has yielded information concerning the 
orientation and bonding of the hydroxy] ions in various mica structures. The dipole moments of the 
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hydroxy] ions in trioctahedral micas are found to be perpendicular to the cleavage, whereas those in 
dioctahedral micas are found to be obliquely oriented. The hydroxy] ions in a trioctahedral mica ab- 
sorb a higher-frequency (3700 cm™) infrared than those in a dioctahedral mica (3600 cm). Crystal 
models are used to illustrate the structural interpretation of these observations. 

It is suggested that the infrared spectrophotometer can be used for quantitative determinations 
of the extent of dioctahedral and trioctahedral co-ordination in micas and clay minerals. Such data 
may be useful in the determination of the ferric iron content of the biotites. 

Hydroxy] orientation is offered as an explanation for the fact that biotite and phlogopite are more 
susceptible to alteration by ion exchange than is muscovite. It is also suggested as an important 
mechanism in the formation of the mica polymorphs. 


ORIGIN OF ORE DEPOSITS OF THE MISSISSIPPI VALLEY TYPE 


Chas. H. Behre, Jr. 
Department of Geology, Columbia University, New York, N. Y. 


This much discussed question, to which Allen V. Heyl has contributed valuable comments, is re- 
ceiving renewed attention here and abroad. Characteristically these deposits bear lead, zinc, and 
iron sulfides, fluorite, barite, and rarer minerals; accompany silicification, dolomitization, and 
solution effects; form replacements, disseminations, and fillings of breccia, bedding, and transcurrent 
fracturesin carbonate rocks; lack clearly associated igneous rocks. They include the several Mississippi 
Valley deposits (in Tennessee, Virginia, and Pennsylvania) and probably Metaline and Pine Point, 
Canada. Abroad such districts include Derbyshire, northern England, Moresnet-Altenberg (Bel- 
gium-Germany), Silesia (Poland), Santander (Spain), the Alps (e.g., Mezica, Bleiberg, and Cave 
del Predil), probably Sardinia, and most lead-zinc deposits in Tunis, Algeria, and Morocco—an 
incomplete but striking list, economically very important. 

Genetic explanations are divided among hydrothermal, supergene, lateral secretion, syngenetic 
(sedimentary), regeneration, and diagenetic theories. The latter two receive little attention in 
America but much in Germany. 

Regeneration and hydrothermal concepts, essentially identical, avoid the problem of transporting 
in solution the dissimilar ions concerned and fit inclusion-temperature evidence. Widespread distri- 
bution in specific beds is explicable since occurrences transgress bedding. Analyses by Barnes show 
that primary (sedimentary) lead and zinc in the most favorable rocks are insufficient to furnish the 
deposits by lateral secretion or diagenetic mobilization alone. Zoning and alteration as in “hydro- 
thermal” deposits are recognizable. Detailed structural and stratigraphic distribution argue against 
other than epigenetic origin. Deposition by warm, ascending waters is most favored. 


CONTINENTAL EOCENE SEDIMENTATION IN HUERFANO PARK, COLORADO 


Robert Berner and L. I. Briggs 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


Continental arkosic Eocene sediments outcrop in Huerfano Park, Huerfano County, Colorado, 
and include the Huerfano and Farisita formations. Detailed mapping demonstrates that the ac- 
curately dated Huerfano formation interfingers with the Farisita formation in the central part of the 
basin. This dates the relatively unfossiliferous Farisita formation as late early Eocene (Wasatchian), 
middle Eocene (Bridgerian), and probably late Eocene. The uppermost beds of the Farisita forma- 
tion may be still younger. 

The sources for the Huerfano and Farisita formations were differentiated by cross-bedding analyses 
of the sandstones of each formation. The results show that the Farisita beds apparently came from a 
northwesterly source, whereas the Huerfano was derived from the south and southwest. Lithologic 
characteristics of the conglomerate suggest that the Farisita formation was derived from the Front 
Ranges, probably the Wet Mountains, to the north and northeast. The Huerfano source most likely 
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was an early Laramide mountain range to the south and southwest in the vicinity of the present 
Sangre de Cristo Mountains. The coarse arkose and stratigraphic equivalency of these formations 
would, therefore, suggest contemporaneous uplift of the Wet Mountains of the Front Range and the 
Sangre de Cristo highland in the late early and middle Eocene. 


LATE SILURIAN GRAPTOLITES IN NORTH AMERICA 


William B. N. Berry 
Department of Paleontology, University of California, Berkeley, Calif. 


Graptolite assemblages of the zone of Monograptus nilssoni, which is in the lower part of the Lud- 
low series in England, have been found in, or are recorded from black shales in, Nova Scotia, Maine, 
Oklahoma, Texas, Nevada, California, and Alaska. In the subsurface in West Texas and in Nevada, 
the graptolite-bearing shales interfinger with calcareous beds bearing “older Niagaran” shelly faunas. 
The graptolites and shelly faunas are both found in the Henryhouse shale in Oklahoma. 

The Brownsport and Henryhouse formations are correlatives, and both are older than the Lock- 
port dolomite in New York. Thus, the upper part of the New York Silurian section may be correlated 
with the Ludlow series, and the Cayugan-Niagaran series boundary falls within the Ludlow series. 
The occurrence of the diagnostic Late Silurian graptolites in North America permits a tie between the 
U. S. standard and the type Silurian sequences. 


STRATIGRAPHY OF ROCKS OF LATE CRETACEOUS AGE IN THE EASTERN HALF OF 
PUERTO RICO 


H. L. Berryhill, Jr., R. P. Briggs, and Lynn Glover III 
U. S. Geological Survey, Box 38, Roosevelt, P. R. 


Rocks of Late Cretaceous age in eastern Puerto Rico are of three types: volcanic rocks, including 
tuffs, tuff breccias, and lavas; clastic rocks, including conglomerates, sandstones, and siltstones de- 
rived from the erosion of volcanic source areas; and limestones, most of which were formed as reefs 
around volcanic islands. These rocks crop out along the crest and flanks of the complexly faulted, 
northwestward-trending anticlinorium that forms the mountainous core of Puerto Rico. 

In the central and south-central parts of the island three units are recognized. One unit of possible 
Coniacian age is characterized by laminated siltstones and sandstones but includes andesitic pillow 
lavas and locally at the base a rudistid-bearing limestone. Another unit, which unconformably(?) 
overlies the laminated siltstones and sandstones, is made up predominantly of thick conglomerates 
separated by sandstones and siltstones. The third unit of Maestrichtion age consists chiefly of massive 
tuff breccias and bedded tuffs. 

In northeastern Puerto Rico the Upper Cretaceous section consists of siliceous, ammonite-bearing 
siltstones, possibly of Turonian or Cenomanian age; interbedded sandstones, siltstones, thin lime- 
stones, conglomerates, and tuff breccias that are equivalent to the siltstone, sandstone, and con- 
glomerate units of south-central Puerto Rico; and tuff breccias that are equivalent to the tuff unit. 

The strata of known Late Cretaceous age overlie massive volcanic rocks whose age has not been 
determined. They are conformably (?) overlain in most places by strata of probable Paleocene or 
Eocene age but are locally overlain unconformably by limestone of Oligocene age. 


GRAVITY ANOMALIES AND TECTONIC FEATURES OF NORTHWESTERN UNITED 
STATES. PART II: BOULDER BATHOLITH AREA, MONTANA 


Shawn Biehler and William E. Bonini 
Dept. of Geological Engineering, Princeton University, Princeton, N. J. 


More than 2000 gravity stations have been established in Idaho and western Montana on this 
program. Results in southern Idaho have been presented (Bonini and Lavin, 1957). The present paper 
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presents the Bouguer gravity anomalies for 550 stations in the Boulder batholith area of Western 
Montana (Long. 111° to 113°50’; Lat. 45° to 47°30’). 

There is a —40 mgal. residual anomaly associated with the Boulder batholith. Calculations show 
that the anomalous mass is probably located less than 15 miles in depth and is symmetrical with 
respect to a northeast axis. The axis of this gravity low lies about 16 miles west of the axis of the 
outcrop area, indicating that the batholith extends westward to include the batholithic area east of 
Warm Springs, Montana, with surficial cover of volcanic rocks in some areas. 


PSEUDO-DETRITAL TEXTURES IN LIMESTONES 


Donald L. Biggs 
Department of Geology, Iowa State College, Ames, Iowa 


Some Mississippian limestones outcropping in Iowa contain pellets and oélites that display char- 
acteristics inconsistent with a detrital origin. Some of the structures are aggregates of pellets within a 
larger pellet which may or may not show concentric banding. Others have cores of clear calcite that 
are in optical continuity with the clear calcite of the matrix. Commonly several such pellets appear in 
one large matrix crystal. Many banded structures are like odlites except that the banding on one or 
more sides is not concentric with that of the rest of the structure. Some of the bodies contain veins 
filled with clear calcite. These may completely traverse a structure or more commonly be contained 
within it. In the latter case the veins are similar in form to those in septarian concretions. The matrix 
calcite is clear and generally occurs in large crystals. 

The pellets and matrix calcite are thought to be diagenetic recrystallization products of an orig- 
inally fine-grained sediment. Because such pellets or odlites are indistinguishable from true detrital 
structures in hand specimen, close study of similar rocks may revise the percentage estimates of 
calcarenites vs. other rock types. 


SUSCEPTIBILITY OF SOME CARBONATE ROCKS TO SILICIFICATION 


Ramon E. Bisque and John Lemish 
Department of Geology, Iowa State College, Ames, Iowa 


Some interesting aspects of selective chemical reactivity of carbonate rocks have been encountered 
in a study of deleterious carbonate aggregates displaying reaction rims in distressed concrete. Chemi- 
cal analyses indicate the reaction rims represent silicification of the carbonate aggregate similar to 
replacement observed in nature on partially silicified carbonate fragments undergoing the chert- 
forming process. The rim formation in the concrete is restricted to rocks containing a large amount 
of insoluble materials and appreciable magnesium. 

Faint reaction rims were experimentally “grown” in carbonate rock fragments of this type by 
immersion in silica solution at pH 12 for 21 days. A decrease in silica concentration of the solution 
during rim growth was accompanied by a yellowing of the solution caused by the introduction of 
iron. Identical samples immersed in solutions of base containing no silica and adjusted to the same 
pH produced no rims, and iron was not liberated from the rock. 

An attempt is being made to classify the carbonate rocks as to susceptibility to certain types of 
reactivity and/or replacement which may be indicative of potential performance as concrete aggre- 
gate. This has led to investigations involving the relative degree of replacement of the carbonate 
rocks by fluoride and silica from dilute solutions. 

Data indicate that those carbonate rocks which are most susceptible to replacement by fluoride 
are least susceptible to replacement by silica. The converse also is generally true. 
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GLACIAL GEOLOGY OF LAKE GENEVA AREA, SOUTHEAST WISCONSIN* 


Robert F. Black 
Dept. of Geology, University of Wisconsin, Madison, Wis. 


Molded forms and ice-stagnation deposits show that Cary ice flowed southwestward across Lake 
Geneva area and built the Darien moraine on the Marengo moraine of Tazewell age. The Tazewell 
ice flowed westward. The Cary ice left patchy yellow-brown, stony-sandy drift over distinctive 
pinkish clay-silt-sand till with few pebbles. 

An erratic spruce log from pinkish till (on the Val-Lo-Will Farms of Mrs. William C. Grunow) on 
the uplands south of Lake Geneva is dated as 31,800 + 1200 years old (W-638 of the U. S. Geological 
Survey radiocarbon laboratory). No indication was found that the log had been buried in other 
material prior to being incorporated in the pinkish till. The pinkish till is identical to that in the 
Marengo moraine and similar to that in Alden’s Illinoian drift, supposedly correlative with Shaffer’s 
Farmdale. Ice flowing southwestward molded the older drift into subdued drumlins; depths of 
leaching are 4-6 feet in contrast to 2-4 feet in the Marengo. 

Conceivably the log dates the original advance of ice that deposited the pinkish till, seemingly the 
original Farmdale advance. The Marengo would thus be a recessiona] moraine and not the product of 
a distinct readvance. Lake Geneva originated during Cary deglaciation when Farmdale ice, which 
filled a pre-Wisconsin channel and survived through Tazewell and Cary advances, finally melted. 
Confirming Thwaites, Alden’s Delavan lobe did not exist. The Genoa moraine is part of the Darien, 
and the Elkhorn moraine is absent in the overridden complex east of Lake Geneva. 


SUGGESTIONS ON GEOCHEMICAL PROSPECTING FOR MANGANESE IN 
NORTHEAST TENNESSEE 


F. Donald Bloss and Robert L. Steiner 
Department of Geology, Southern Illinois University, Carbondale, Ill.; Department of Geology and 
Geography, University of Tennessee, Knoxville, Tenn. 


Samples of mature leaves and of second-year twigs were collected from 36 chestnut oaks (Quercus 
prinus) growing above two areas of subsurface manganese mineralization in northeast Tennessee. 
Of the metals determined to be most abundant in ore specimens and concentrates from the general 
area (1.e., manganese, iron, barium, cobalt, and nickel in decreasing order of abundance), all but co- 
balt were readily determinable spectrochemically in the ashed leaves and twigs. The average values 
(weight per cent) for the tree samples collected, as well as for soil specimens from the 1-foot depth 
at each tree locale, were: 


Mn Ba Fe Ni 
Twig Ash 3.8 1.01 0.24 0.017 
Leaf Ash $3 0.36 0.35 0.014 
Near-by Soil 0.29 0.04 6.9 0.001 


Of the two areas sampled, one, the Hutchens property, was later developed into an economic ore 
body, whereas the manganese bodies of the Rominger property proved to be too low in over-all 
concentration. Significantly, the manganese, barium, and nickel contents of samples from the Hut- 
chens area more frequently exceeded the average values of the preceding table than did those from 
the Rominger area. Although it was not detectable in the surface soil, the appearance of nickel in 


* Field expenses were defrayed by the Wisconsin Alumni Research Foundation and the Wisconsin 
State Highway Commission. 
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excess of average in chestnut oak leaf and twig ash was confined almost exclusively to the Hutchens 
area, particularly to the trees most closely overlying the subsurface manganese ore body. Nickel in 
chestnut oak leaf and twig ash seemed likely to be a fairly reliable guide to ore. 


BEGINNING OF THE ACADIAN OROGENY IN THE NORTHERN APPALACHIANS 


Arthur J. Boucot 
Dept. of Geology and Geophysics, Mass. Inst. of Technology, Cambridge, Mass. 


New information about the evolution and development of a group of Late Lower Devonian tere- 
bratuloid brachiopods provides a more detailed basis upon which to correlate the beginning of Acadian 
orogeny in the northern Appalachians. A transition from older beds of Oriskanian age containing 
Rensselaeria to intermediate beds containing Etymothyris and, finally, to younger beds of Onondagan 
age containing Amphigenia occurs in the Thruway cut at Highland Mills, Orange County, New York. 
It is concluded that Rensselaeria is ancestral to Etymothyris, and Etymothyris to Amphigenia. A 
nonspondylose species of Amphigenia occurs in the uppermost beds containing Etymothyris and is 
interpreted to be intermediate in morphology between Etymothyris and Amphigenia. 

Acadian orogeny is considered to begin in Late Early and Early Middle Devonian time with the 
transition from marine to nonmarine conditions. In Gaspe this transition takes place immediately 
above beds containing Etymothyris (York River sandstone). In Northern Maine the transition takes 
place slightly later in beds of Amphigenia zone age north of Mount Katahdin recently described by 
Dorf and Rankin. In the Green Pond-Skunnemunk Mountain outlier the transition takes place still 
later immediately above beds of low Hamilton age (Cornwall shale) that are well above the A mpii- 
genia-bearing beds (Kanouse sandstone). 


LATE PALEOZOIC GLACIATION OF EASTERN AUSTRALIA 


Richard L. Bowen 
174 Highland Terrace, Athens, Ga. 


During late Carboniferous and early Permian times, mountain, piedinont, and continental glacia- 
tion affected eastern Australia. Perhaps mid-Permian glaciers existed; widespread (Lat. 18°S.-43°S.) 
erratics in marine sequences of easternmost Australia suggest low temperatures. 

An ice sheet spread 750+ miles (to Lat. 25°S.) from a locus below Encounter Bay (Lat. 3514°S.), 
South Australia. “Porphyry” boulders seem to have been transported 300 miles northward in central 
South Australi2, and 150+ feet of contortion occurs in subglacial sands in central Australia. Glacially 
overdeepened ‘to 1800+ feet, Myponga Plain) valleys and varves abound near Adelaide. 

Mountain and piedmont glaciation affected Tasmania and central and western Victoria. On 
Korkuperrimul Creek, Victoria, at least 51 tills occur in approximately 3000 feet (sequence incom- 
plete, base missing) of glacial and outwash deposits. 

Tournaisian piedmont glaciers radiated (to sea level on the east at Lat. 31°S.) west, south, and 
east from a volcanic range in northeast New South Wales. Glacial sequences (4000+ feet, Werrie 
Basin; 2000+ feet, Hunter Valley) suggest a latest Carboniferous interglacial stage; another is 
inferred preceding marine glacial deposition during early Permian (Allandale) time. Piedmont gla- 
ciers spread east from the Kanimbla Mountains in later Carboniferous and early Permian times. 

Local glaciation occurred west of Springsure (Lat. 24°S.), Queensland, in latest Carboniferous. 
earliest Permian times. 

Only in easternmost Australia are fossil and stratigraphic data available for short-term paleocli- 
matic and paleogeographic reconstructions. Glacial stages and duration of the South Australian ice 
sheet are known solely by analogy. 
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STRUCTURAL GEOLOGY OF THE SOUTH VIRGIN MOUNTAINS, CLARK COUNTY, 
NEVADA 


Ben Bowyer 
U.S. Atomic Energy Commission, Salt Lake City, Utah 


The area is in the transition zone between the Basin and Range and Colorado Plateau physio- 
graphic provinces in southern Nevada. Carbonates and red beds of Paleozoic age, overlain by clastics 
and limestones of Mesozoic age that are capped by lacustrine deposits of Tertiary age, unconformably 
overlie a Precambrian complex of metamorphic and igneous rocks. Post-Precambrian igneous rocks 
are limited to thin flows of basalt of Quaternary age. 

During Late Cretaceous or early Tertiary time the rocks, previously cut by a post-Permian system 
of steeply dipping faults, were displaced and tilted along nearly parallel north-trending faults intoa 
series of fault blocks that dip moderately eastward. Prior to the deposition of lake beds of Miocene(?) 
age the fault blocks were offset along two left-lateral faults that strike northeastward. These trans- 
current faults can be traced for 10 miles, and the horizontal separation of formations adjacent to the 
faults is as much as 5 miles. The two faults are spaced about 6.5 miles apart, and, in the segment 
between, related stresses have formed numerous faults of varied displacements and trends that locally 
have produced a structural chaos. 

In the northwest part of the area upper Paleozoic and lower Mesozoic rocks have been thrust 
southeastward over Mesozoic formations. The thrusting probably preceded the development of the 
block faults. Folding of beds is restricted to overturning in the upper plate of the thrust fault and to 
drag folds associated principally with the transcurrent faults. 


APPARATUS FOR PHASE-EQUILIBRIUM STUDIES AT PRESSURES UP TO 70 
KILOBARS AND TEMPERATURES UP TO 1750°C. 


F. R. Boyd and J. L. England 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C. 


Internally heated apparatus utilizing a solid pressure medium has been developed and tested toa 
pressure of 70 kilobars. The pressure vessel is made of cemented tungsten carbide supported by steel 
rings. The volume under pressure which contains a graphite furnace, insulating pressure medium, 
thermocouple, and sample is 144 inches long by 4 inch diameter. A power lead and up to four 
thermocouple leads can be introduced into the pressure vessel. Boron nitride has been found to be the 
best solid pressure medium. Friction at the bismuth point is less than 5 per cent. 

Up to 50 kilobars pressure can be applied through an unsupported carbide piston. Pressures above 
50 kilobars can be reached by a method which utilizes a part of the load placed on the piston to 
support the piston. 

Preliminary data have been obtained for the melting of diopside in the range 10 to 25 kilobars. 


PRECAMBRIAN OF THE SOUTHERN WET MOUNTAINS, COLORADO 


Robert E. Boyer 
Department of Geology, The University of Texas, Austin, Texas, 


The southern Wet Mountains, south-central Colorado, have a Precambrian core flanked by sedi- 
mentary rocks of late Paleozoic, Mesozoic, and Tertiary age. This core consists of paraschists, 
paragneisses, amphibolites, /it-par-lit gneiss, migmatite, and two types of granite. Foliation within 
the metamorphic and mixed rocks has an arcuate east-west strike and steep north dip, representing 
the modified original sedimentary stratification which has been isoclinally folded. Lineation which 
developed with the folding of these units plunges north at a moderate angle. 

The older granites, source of the igneous material of the mixed rocks, form numerous irregular 
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masses throughout the complex and have foliations concordant with the metamorphic rocks. Three 
stocks and the San Isabel batholith, recognized as younger intrusions, have foliations discordant to 
those of the older rocks. They are medium to very coarse porphyritic granite, tentatively correlated 
with the Pikes Peak granite. 

High-angle normal faults trending N. 60°W., parallel to the range axis, border the complex and give 
rise to prominent structural terraces on the mountain slopes. Some of the faults represent Precambrian 
shear zones, but major movement occurred from late Cretaceous to mid-Tertiary as a result of north- 
east-southwest compression. 

A prominent joint set and numerous Tertiary(?) dikes also trend N. 60°W. Another joint set and 
some dikes trend N. 40°E. Most of the jointing is Precambrian, developed as a result of isoclinal 
folding within the ancient sedimentary rocks and from cooling of the subsequently intruded granites. 


PLASTIC DEFORMATION OF QUARTZ DURING INDENTATION 


W. F. Brace 
Dept. of Geology, Mass. Inst. of Technology, Cambridge, Mass. 


Quartz flows plastically during indentation by a diamond pyramid as can be demonstrated by 
interferometric study of a crystal surface near the indent: material is permanently displaced upward 
and outward. The mechanism of plastic flow is being studied using the electron microscope. 

The most striking and consistent features associated with the indented surface are (1) various 
short shallow fractures which terminate and rim the indent, and (2) sets of lines parallel to the 
thombohedron 20111}. The fractures are not crystallographically controlled and extend out into the 
crystal away from the indent. Some traces of 2{0111} are very straight and resemble lines formed in 
simple slip of metals; other traces are wavy. They are spaced 300 to 2000 A and occur only within 
the impression left by the indentor where mean normal pressure and stress difference reached 
about 35,000 bars. Traces of z{0111} were found on all three crystals indented on r{1011} and on 
two out of four indented on m{1010}. Small shear offsets along the z{0111} planes are in unknown 
crystallographic directions. 

Based on appearance and disposition within the indent, slip on 2{0111} is believed to have oc- 
curred, although a crystallographically complete slip system cannot yet be defined, without knowing 
the slip direction. 


GEOMORPHIC IMPLICATIONS OF RAPID EROSION IN LOESS 


James C. Brice 
Dept. of Geology, Washington University, St. Louis, Mo. 


On the loess-mantled High Plains of western Nebraska, dendritic drainage systems have developed 
during Pleistocene time and formed a landscape whose aspect ranges from youthful to mature and 
whose local relief ranges from 100 to 200 feet. Active gullies, characterized by scarps at heads and 
sides, are rapidly trenching channels and extending the drainage systems into nearly flat upland. 
Rate of headward retreat of channel scarps (headcuts) was determined by comparison of air photo- 
graphs made in 1937 with air photographs made in 1952. Scarp retreat plays a dominant role in rapid 
regrading of both channels and slopes, and scarps are genetically classified according to topographic 
position, whether (1) in previously established channels, (2) on side or head slopes of previously 
established channels, or (3) encroaching into flat upland. Scarps may originate and retreat either 
by action of channel flow or by action of sheetwash on slopes. In extension of the drainage system, 
headward scarp erosion is dominant over the cross-grading mechanism proposed by Horton. Observa- 
tions in this region support the hypothesis that drainage systems in soft rocks are initially developed 
and later extended by headward retreat of channel scarps or of similar steep segments in the long 
profile. 
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RE-EVALUATION OF THE SALT CHRONOLOGY OF SEVERAL GREAT BASIN LAKES 


W. S. Broecker and Alan Walton 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


Methods used in the past to calculate the accumulation time for the salts found in the Great Basin 
lakes have been re-evaluated. It is concluded that these estimates are based on erroneous assumptions 
yielding ages which are too small by at least a factor of 10. A new approach to such calculations has 
been developed and applied to Great Salt, Mono, Pyramid, and Walker lakes. Rather than estimating 
the rate of Cl- addition to these lakes from chemical data on river waters, the Cl concentration in 
rainfall entering the basin is used. Loss of Cl~ from the surface of the lake must be taken into ac- 
count, particularly when the Cl concentration is quite large. The effect of changes in climate on the 
rates of salt input and loss must also be considered. Radiocarbon data provide an absolute climate 
chronology allowing these variations to be handled quantitatively. 

The study indicates that Great Salt Lake and Mono Lake have existed continuously for more than 
73,000 years. Pyramid Lake may also have been in existence since the end of the last interpluvial, but 
Walker Lake must have desiccated during the last 10,000 years. Such histories are internally con- 
sistent and in good agreement with independent biological and geological evidence. 


CORRELATIONS OF SOME PERMIAN AND TRIASSIC STRATA OF EASTERN 
COLORADO AND ADJACENT PORTIONS OF WYOMING, NEBRASKA, 
AND KANSAS 


T. Leo Broin 
Cilies Service Research and Development Company, Tulsa, Okla. 


Cross sections based on electric and sampie logs are presented which extend eastward in subsurface 
from outcrops along the Front-Laramie Range in Wyoming and Colorado into Kansas and Nebraska 
and portray correlations of carbonate-evaporite rock units within red beds of the Permian and 
Triassic systems. Permian strata of Kansas are correlated with stratigraphic units along the Front 
Range as follows: (1) The Day Creek dolomite correlates directly with the Forelle (“Crinkled”) 
limestone member of the Lykins formation. (2) The Blaine gypsum correlates with outcropping 
gypsum beds at the base of the Lykins formation in northern Colorado. (3) The Stone Corral dolomite 
is the apparent correlative of the uppermost part of the Fountain formation. 

A previously unnamed anhydrite unit between the Stone Corral dolomite and Blaine gypsum in 
Kansas extends westward beyond the limits of the Stone Corral into the Denver Basin. A tongue of 
the Minnekahta formation extends southward into Colorado both in outcrop and subsurface between 
the Blaine gypsum and Forelle limestone. The Minnekahta does not extend eastward into Kansas. 

The two carbonate-evaporite members of the Lykins formation above the Forelle limestone member 
in northern Colorado are interpreted as being correlative, respectively, with the Little Medicine 
tongue of the Dinwoody formation (Triassic) and the Ervay tongue of the Phosphoria formation 
(Permian) of Wyoming. Thus, the portion of the Lykins formation below the higher of these units 
correlates with the Goose Egg formation of Wyoming, and the portion of the Lykins formation above 
the higher of these units correlates with the Chugwater formation. 


TRACE AND MINOR ELEMENTS IN WOODBINE SUBSURFACE WATERS OF THE 
EAST TEXAS BASIN 


F. A. Brooks, Jr. 
Production Research Division, Humble Oil & Refining Co., P. O. Box 2180, Houston, Texas 


Determinations have been made, by use of emission spectrography, of trace and minor elements 
present in a number of samples of deep subsurface waters from the Woodbine sand of Cretaceous age 
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of the East Texas basin. The purpose of the work was to determine whether data on trace-element oc- 
currence and distribution can yield information of geologic significance. Of a number of elements 
which occur in trace amounts in Woodbine waters, four appear to vary systematically in concentra- 
tion. Strontium and potassium increase in concentration with increasing depth from which the water 
samples were produced. The distribution of barium, which occurs in relatively high concentrations in 
the waters of the northwestern part of the basin, seems to be related to the pattern of deposition of 
near-shore sediments during a particular interval of time. The distribution of manganese, which is 
found in relatively high concentrations in the central portions of the basin, appears to reflect the 
areal extent of deeper parts of the basin. The occurrence of soluble manganese in this area indicates 
that reducing conditions prevailed in the central part of the basin. 


“CONTORTED BEDS” IN THE LOWER MISSISSIPPIAN STRATA OF PIKE AND ROSS 
COUNTIES, OHIO 


H. K. Brooks and E. L. Single 
University of Florida, Gainesville, Fla.; Shell Oil Company, Denver, Colo. 


Penecontemporaneous contortions of sandstone and siltstone beds associated with intrusions from 
subjacent shales in the Bedford-Berea formations of southeastern Ohio were studied. 

Throughout the area no evidence exists for significant difference in depth of water at the time of 
deposition. Thin sandstone beds of uniform thickness were traced considerable distances. Oscillation 
ripple marks and trails are prevalent on the upper surfaces of the sand and siltstone layers. This 
environmental evidence in conjunction with data from an isopach map and studies of lateral varia- 
tions of the interval between a key horizon and the top of the underlying Ohio shale eliminate the 
possibility of gravity sliding. It is estimated the initial depositional slopes were less than 2 feet per 
mile. 

A pattern of deformation is described, ranging from an irregular undulatory undersurface (flow 
casts) of thin silty layers to highly complex contortions in thick beds of sandstone. Disturbance of the 
sandstone bedding is restricted to a zone surrounding shale intrusions. The intrusions are up to 5 
feet across. All stages of development have been observed from incipient intrusions to complete 
penetrations. In every case the shale has been displaced upward. 

The force of intrusion and deformation must be the result of differential densities of sand, silt, and 
highly aqueous mud. The motivating force is attributed to components of hydrostatic pressure as the 
result of weight differences of the overburden. 


CLAY MINERALOGY OF SEDIMENTS AND SOURCE MATERIALS IN THE YORK 
RIVER TRIBUTARY BASIN, VIRGINIA 


Charles Q. Brown 
Dept. of Chemistry and Geology, Clemson College, Clemson, S.C. 


More than 700 samples of bottom sediments and weathered source materials in the York River 
tributary basin, Virginia, were analyzed by X-ray diffraction powder methods to determine their clay 
mineral content. The basin extends northwestward from York River at West Point. It drains a 2242 
square mile area. 

Stream sediment samples were taken at closely spaced sites as cores, grab samples, and scoop 
samples from the channel bed. Source materials samples were taken from road cuts, cultivated fields, 
and forests. Surface and subsurface samples were collected. Five small tributaries were similarly 
sampled in greater detail. 

Each sample was X-rayed untreated as an oriented aggregate. Further X-ray analyses included 
glycolated and heat-treated samples. 


sin 
ns 
as 
ng 
in 
he 
te 
in 
ut 
n- 
e 
a 
d 
t 
) 
e 
f 
| 
r 
| 


1542 ABSTRACTS 


Clay minerals of source materials and stream sediments of the York River tributary basin are 
grouped into five categories on the basis of first-order basal spacings. Minerals identified are kaolinite, 
illite, expandable illite, typical vermiculite, atypical vermiculite, montmorillonite, and mixed-layer 
clay minerals. 

Major trends noted in this study are: (1) mixed-layer structures are less prominent or are absent 
from stream sediments; (2) the frequency distribution of clays in stream sediments relative to clays 
in source materials is very different for all minerals except kaolinite; (3) intensities of first-order basal 
spacings are emphatically less for individual minerals of stream sediments relative to the source ma- 
terials. Physical mechanisms are postulated to explain the decrease in mixed-layer structures, and 
the increase in illite intensity and in frequency of montmorillonite in the sediments of the lower parts 
of the stream system. 


BERYLLIUM DETECTOR FOR FIELD EXPLORATION 


George M. Brownell 
Dept. of Geology, University of Manitoba, Winnipeg, Manitoba, Canada 


The portable instrument, here referred to as a “‘berylometer,” is a new geophysical tool for the use 
of the geologist in both exploration and examination of beryllium deposits. This is a scintillation 
counter which contains a phosphor having a high neutron to gamma ratio of detection and makes use 
of the Be*(y,n)Be!® reaction. A gamma-emitting source is carried in a shield on the bottom of the 
instrument which, when set upon any beryllium-bearing mineral or rock, causes the emission of 
neutrons from the beryllium which are immediately recognizable. Gamma rays are biased out, and 
neutrons only are counted. An automatic counting register records the neutron count, and since this 
is directly proportional to the beryllium content of a sample, a simple means of analysis is provided. 

There is an urgent demand for larger supplies of beryllium, and the writer believes that more 
effort should be directed toward discovering nonpegmatitic deposits that offer greater possibilities of 
large tonnage. The discovery of such deposits should be greatly facilitated by use of the berylometer. 


STUDY OF CROSS-STRATIFICATION IN A LARGE LABORATORY FLUME* 


Lucien M. Brush, Jr. 
U. S. Geological Survey, Washington, D. C. 


Cross-stratification was produced on the bed of a flume 8 feet wide, containing nonuniform sand of 
mean diameter 0.45 mm. The range of flow regimes studied was similar to those of natural streams and 
included discharges from 5.0 to 21.0 cfs on slopes of 0.0001 to 0.003. Despite the range of flow, “‘tor- 
rential” or planar cross-stratification was the only type of cross-strata observed. 

Planar cross-strata in the form of ripples or dunes develop on the bottom of the channel and disap- 
pear as the transition from a dune regime to a plane bed or antidune regime takes place. These forms 
occur in tranquil and not “torrential” flow conditions. 

Most particles moving over the crest. of a dune avalanche down the face; the coarser particles 
come to rest at the toe. Therefore, unless the sand is well sorted, the top of a cross-strata may be 
distinguished from the bottom. Other finer particles carried in suspension past the crest move down- 
stream or are caught in a reverse eddy and deposited in a trough at the front of the dune. Dunes 
migrating downstream form structures consisting of lower bounded horizontal laminae of fine materia] 
overlain by cross-strata dipping at angles slightly greater than the angle of repose. 

Dune height reflected in part by the thickness of the cross-strata varies with mean velocity, and if 
used cautiously may prove to be a useful parameter in reconstructing the flow regime. 


* Approved for publication by the Director of the U. S. Geological Survey. 
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SYNTHESIS. OF EPISTILBITE AND ITS PHASE RELATIONSHIPS TO OTHER 
CALCIUM ZEOLITES 


D. A. Buckner and L. B. Sand 
Department of Mineralogy, University of Utah, Salt Lake City, Utah 


A hydrothermal study of the zeolites in the system lime-alumina-silica-water has yielded data on 
some of the phase relationships among the zeolite minerals and other minerals in the system. 

Epistilbite was synthesized, and the probable upper temperature stability limit (300°C. at 15,000 
psi) was determined. The pressure-temperature relationships of the new phase, CASH-I, in the system 
are described. CASH-I is a transient phase in the synthetic system from 300° to 500°C. at 15,000 psi. 
Polymorphic transformations between stilbite and epistilbite and between clinoptilolite and mordenite 
are demonstrated. 

Optical, X-ray diffraction, infrared absorption, and differential thermal analysis data on natural 
and synthetic epistilbite are comparable. 


CRYSTAL STRUCTURE OF COESITE, THE HIGH-DENSITY FORM OF SILICA 


M. J. Buerger and Tibor Zoltai 
Mass. Inst. of Technology, Dept. of Geology and Geophysics, 77 Massachuselis Ave., Cambridge, Mass. 


Coesite is monoclinic, space group B2/b (first setting) with cell characteristics, a = 7.17 A, b = 
7.17 A, c = 12.38 A, y = 120.0, Z ~ 16 SiO.. The data were collected from precession photographs. 
The full three-dimensional Patterson function was computed at the M.I.T. Computation Center, 
using the I.B.M. 704 Computer. Inversion peaks of the function were found by a new theoretical 
technique. This provided locations of the inversion peaks for the two Si atoms and two of the several 
oxygen atoms. Three-dimensional minimum functions were found graphically using as image points 
the inversion peaks of the two Si atoms. Each Si atom provided an M; function which was combined 
with itself by a symmetry operation of the space group to form an M, function, and then these func- 
tions for the two Si atoms were combined to form an Mg function. This result clearly showed the 
structure of coesite. The co-ordinates were taken directly from the Mg function and refined by eight 
least-square cycles. During this refinement only minor shifts of the co-ordinates occurred. The final 
co-ordinates are: 


x y 
Si; .140 . 108 .074 
Sig .506 .158 .539 
0 0 0 
O2 % 34 
O; 269 126 -941 
Os 308 .103 .329 
O; «282 -473 


The structure of coesite is similar to other forms of silica in that it is composed of a network of 
tetrahedra. The tetrahedra are grouped into rings of four which constitute a unit similar to that found 
in feldspar, and these are connected with each other in a very dense fashion. 


AGE INVESTIGATION OF SYENITES FROM COLDWELL, ONTARIO 


H. J. Bullwinkel, H. W. Fairbairn, W. H. Pinson, Jr., and P. M. Hurley 
Dept. of Geology & Geophysics, Mass. Inst. of Technology, Cambridge, Mass. 


The syenite complex at Coldwell, on the north shore of Lake Superior, has been known for more 
than a century and was at one time of importance in building construction. It occupies an area of 
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125 square miles and consists mainly of an inner core of gray nepheline syenite enclosed successively 
outward by red hornblende syenite and brownish-black augite syenite. The margins of the complex 
are transitional into the regional granites and gneisses of the area. A reconnaissance study of the age 
of the syenite body gives 1000-1100 m.y. compared with 2300-2400 m.y. for granites in the im- 
mediate environment. It is of interest that A/K analysis of pegmatite muscovite from the alkaline 
complex of the Oslo region gives 965 m.y. (Gentner, 1957). The lithologic similarity of the Coldwell 
augite syenite to the well-known laurvikite near Oslo is noteworthy. The nepheline syenites of the 
Grenville subprovince of eastern Ontario likewise are in an environment where many age analyses 
show that the latest critical thermal event was 1000-1100 m.y. ago. 


Rock Type and Locality Minera Method Age (m.y.) 
Nepheline syenite (Coldwell) Biotite Sr/Rb 1000 (+4%) 
Biotite A/K 1100 (4+5% 
Augite syenite (Coldwell) K-Feldspar Sr/Rb 1055 (4+8%) 
Granite (Rossport) K-Feldspar Sr/Rb 2300 (+10%) 
Granite (near Longlac) Biotite A/K 2440 (4+7%) 


Note: Both isotope-dilution and isotope-ratio analyses were used for Sr/Rb determinations. 


EXPERIMENTAL STUDIES OF PEGMATITE GENESIS: THE SOLUBILITY OF WATER 
IN GRANITIC MAGMAS 


C. Wayne Burnham and Richard H. Jahns 
The Pennsylvania State University, University Park, Pa.; California Institute of Technology, 
Pasadena, Calif. 


Determinations of the maximum solubility of water in granitic melts at 20°-30°C. above their 
liquidus temperatures have yielded the following results: 


Water Solubility 


(Weight per cent) 

PH20 a Harding, New Mexico, Stone Mountain, Georgia, 
(bars) pegmatite granite 

330 1.3 

500 2.0 2.3 

1000 3.8 

1500 4.6 4.9 

2000 5.1 

2500 5.3 

3000 5.5 5.8 


The Harding pegmatite contains 0.42 per cent fluorine, which supplements water dissolved in the 
melt. This effect is essentially compensated by consistent and measurable errors inherent in the 
experimental procedure employed for this material. 

The solubilities were determined by melting known amounts of water and dry sample in sealed gold 
capsules, and by observing the presence of crystallites (undersaturated) or excess water (over- 
saturated) in glasses formed by rapid quenching. The data thus obtained suggest that the solubilities 
of water in granitic and pegmatitic magmas are essentially equal. 

The indicated maximum water content of granitic magmas is on the order of half that determined 
in a different way by Goranson for the same Stone Mountain material and by Yoder et al. for syn- 
thetic material of analogous composition. However, it is much more in accord with a determination 
made by Tuttle and Bowen for an alkali aluminosilicate glass of ternary minimum composition. Solu- 
bilities of water that are substantially less than those heretofore accepted for granitic magmas 
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would have profound geological implications and also would require revision of thermodynamic 
calculations based on such data. 


ORIGIN OF CERTAIN CHROMITE DEPOSITS OF THE EASTERN PART OF THE 
BUSHVELD COMPLEX 


Eugene N. Cameron and Mark E. Emerson 
Department of Geology, University of Wisconsin, Madison, Wis. 


The Steelpoort and Leader chromitite seams are enclosed in feldspathic pyroxenites of the lower 
part of the Critical Zone in the eastern part of the Bushveld Complex. The Steelpoort seam consists 
of 44-48 inches of high-grade chromitite enclosed in two low-grade members that are transitional into 
the enclosing pyroxenites. The Leader seam, 4 feet above the Steelpoort seam, consists of 12 inches of 
high-grade chromitite overlain by 2 inches of low-grade chromitite transitional upward into pyroxe- 
nite. 

Textures of the pyroxenites and low-grade chromitite members are consistent with differentia] 
settling of bronzite and chromite crystals from moving magma, followed by crystallization of inter- 
stitial liquid. Textures of the high-grade chromitite members, however, indicate that in these mem- 
bers settling of chromite crystals was followed by formation of additional chromite in situ. 

Bronzite and chromite vary systematically in grain size and composition through the pyroxenite- 
chromitite sequence. From this and from textural evidence, we suggest that formation of the high- 
grade chromitite members involved partial resolution and reaction of settled crystals with magma 
prior to burial, followed by reaction between settled crystals and interstitial liquid after burial. 
Downward diffusion of ions into the interstitial liquid during crystallization may have contributed 
to growth of chromite. 

Formation of the chromitites from residual liquids rich in Cr and Fe is excluded by field evidence 
and by the paragenetic sequences of minerals in associated rocks. Liquid immiscibility, if operable, 
played only a minor role in chromitite formation. 


COMPARISON OF FEATURES OF THE EARTH AND THE MOON 


Philip A. Chenoweth 
School of Geology, University of Oklahoma, Norman, Okla. 


Recent bathymetric maps of the North Atlantic reveal features similar to structures on the surface 
of the moon. The Northern Canary Basin is similar in size (345 by 483 miles), shape (roughly oval), 
and depth (3000-6000 feet) to Mare Crisium (281 by 355 miles, 8000 feet deep); other basins re- 
semble other Maria; the margins of the Northern Canary Basin and of part of the North American 
Basin are very like the drowned crattrs on the west shore of Mare Tranquillitatus; the sea floor east 
of Bermuda closely resembles the Haemus Mountains; a deep trough at Lat. 30° N. transverse to 
the Mid-Atlantic ridge has its counterpart in the lunar Alpine Valley; the mid-ocean canyons are 
similar to the Ariadaeus and Hyginus clefts of the moon; the seamounts in the Atlantic basins are 
reminiscent of the isolated peaks and clustered mountain masses in the Mare Imbrium region; the 
Mid-Atlantic ridge is comparable to the lunar Alpine-Apennines ranges; and several ocean-floor 
features are like the moon’s walled plains. 

These similarities are not entirely coincidental, but result from similar origins. The volcanic and 
meteorite theories of formation of the lunar features are reviewed, and a substitute mechanism, 
involving diminishing bursts of raw solar matter from the turbulent interior of the sphere, is tenta- 
tively proposed. The original crust of the earth looked much like the present surface of the moon. 
Geologic processes have removed all traces on the land masses, but in the oceans the outlines are 
still faintly discernible. 
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PETROLOGY AND STRUCTURE OF THE COCKEYSVILLE FORMATION NEAR 
BALTIMORE, MARYLAND 


Philip Choquette 
The Ohio Oil Company, P.O. Box 269, Littleton, Colo. 


The Cockeysville formation near Baltimore, Maryland, is a sequence of intricately folded carbon- 
ate-rich metasediments about 0-750 feet thick and of pre-Silurian age (Wasserburg et al., 1957). 
The metasediments flank five elongated domes of Precambiran (?) basement gneiss near the eastern 
border of the Piedmont Province. Sediments and gneissose phases of the domes were regionally 
metamorphosed to about the lower amphibolite facies of Eskola (1939). 

Crystalline metadolomite, calcareous schist, and calcite marble constitute most of the formation. 
Metadolomites and high-calcite marbles grade through calcareous schist into the overlying Wis- 
sahickon schist, and through calcareous quartz gneiss into the underlying Setters quartzite and 
paragneiss. 

Local breakdown of dolomite in metadolomite accompanied the formation of diopside-quartz- 
tremolite calc-silicate rocks and was marked by a “retrograde’’ alteration sequence, diopside to 
tremolite to talc. Much of the calcite marble probably recrystallized from limestone; some, however, 
formed by late- or post-tectonic replacement, as indicated by (i) cross-cutting relations, (2) relics of 
calcareous schist or metadolomite, (3) internal mineral zoning, (4) aureoles of phlogopite-quartz- 
tremolite, and (5) anisotropic fabric. 

Metasomatism was evidently limited and local, judging from (1) chemical similarities between 
Cockeysville metasediments and sedimentary carbonate rocks, (2) low content of tourmaline and 
scapolite, and (3) rarity of pegmatite intrusions in the metasediments. 

Structures of the carbonate rocks—fold axes, small linear elements, cross-joints, and foliation— 
closely reflect corresponding elements of the domes. This parallelism is weak in presumed flowage 
zones at the ends of the domes and decreases away from the domes. 


METAMORPHIC FACIES AND STRATIGRAPHY OF PACKSADDLE SCHIST, EASTERN 
LLANO COUNTY, TEXAS 


Stephen E. Clabaugh 
Department of Geology, The University of Texas, Austin, Texas 


The Packsaddle schist in the southeastern part of the Llano uplift is a complex sequence of inter- 
layered metamorphosed sediments, including amphibole schist, graphite schist, marble, quartzite, 
and leptite (schistose to nonfoliated quartzo-feldspathic rock) which have been invaded by metagab- 
bro, granite orthogneiss, and unmetamorphosed granite. The alternating and discontinuous litho- 
Jogic units are grouped into larger stratigraphic units for mapping. The basal unit of the Packsaddle is 
characterized by marble and calc-silicate rock interlayered with graphite schist, amphibole schist, 
and leptite. It is followed by a unit consisting of amphibole schist with subordinate graphite schist, 
and by another composed dominantly of leptite. Additional units can probably be distinguished as 
mapping progresses. The apparent thicknesses of the three lower units are approximately 3000, 
1500, and 3000 feet; extreme deformation precludes determination of original thicknesses. 

Most of the rocks belong to the higher-temperature range of the amphibolite facies as indicated by 
the assemblages hornblende-labradorite and sillimanite-almandine-quartz-feldspar. Pyroxene horn- 
fels conditions were approached near granite plutons where wollastonite occurs in calc-silicate rocks 
and andalusite-cordierite-plagioclase in leptite. Lower-rank metamorphism is indicated by the pair 
tremolite-dolomite in a few marble layers, and at one locality southwest of Packsaddle Mountain 
quartz and dolomite occur together. Retrograde changes and alkali metasomatism accompanied 
ubiquitous post-granite pegmatites. Sillimanite, andalusite, and spinel were replaced by muscovite; 
metagabbro was converted locally to biotite schist and epidote-oligoclase-quartz rock, and magnesian 
silicates to brucite, antigorite, and talc. 
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INVESTIGATION OF VEATCHITE 


Joan R. Clark, Mary E. Mrose and C. L. Christ; S. Block, A. Perloff, and G. Burley 
U. S. Geological Survey, Washington, D.C.; U. S. National Bureau of Standards, Washington, D.C. 


The crystallography, density, and chemistry of veatchite, first described by Switzer (1938) have 
been re-examined. The chemical formula, SrO-3B,0;-2H.O, one of two possibilities proposed by 
Switzer and Brannock (1950), gives the best agreement for all observations. Single crystals from 
drill core no. 5, Four Corners area, Kramer district, San Bernardino County, California, were used 
in the present study. X-ray precession patterns correlated with crystal habit and indices of refraction 
yield the following data: monoclinic, space group A2/a (C28, no. 15); a = 20.81, b = 11.74 (both 
+0.05), ¢ = 6.637 + 0.020 (all in A), 8 = 92°02’ + 10’, V = 1620 A’; optical orientation, Z = 5, 
X =~ c, Y = a; dominant forms, {100} (previously designated {010}), {111} (or, less likely, {111}); 
cleavage perfect parallel to (100) and (011). Strongest lines on the X-ray powder pattern are at 10.5, 
3.32, 2.60, and 3.47 A, with intensities, respectively, 100, 35, 25, and 18. Density measured on the 
Berman balance with 2.5 mg sample is 2.78 + 0.03 g.cm.-%, and density calculated for eight 
{SrO-3B,03-2H2O] per cell is 2.85. g.cm.~*. The formula 3(Sr, Ca)O-8B,0;-5H.O, proposed as an 
alternative by Switzer and Brannock (1950), is not in agreement with the space group symmetry 
and the observed density. Spectrographic analysis of the Four Corners veatchite is in agreement 
with the chemical analysis of Switzer and Brannock (1950). 


URANIUM-LEAD DATING OF BLACK SHALES 


James C. Cobb and J. L. Kulp 
Lamont Geological Observatory (Columbia University) Palisades, N. Y. 


The Upper Cambrian black shale of Sweden contains uranium in two different concentrations: 
organic-rich pods called Kolm where uranium is 4000-6000 ppm, and the shale itself, with around 
100 ppm. 

As previously reported, isotopic lead-uranium ages on a number of Kolm pods vary from slightly 
to extremely discordant, with 206/238 = 355 to 455, 207/235 = 420 to 480, and 207/206 = 650 
to 945. This pattern is interpreted as being due to a combination of radon loss and lead loss. 

The uranium-lead ratio in the shale has been found to be sufficiently high to permit calculation of 
a 206/238 age. This is anomalously high near Kolm lenses. It is suggested that this is due to migra- 
tion of Pb®® from the Kolm lens. In the shale 207/204 is normal, indicating that (1) the excess 
Pb®® seen is due to radon loss rather than lead loss, and (2) the original lead isotopic composition is 
normal. 

Preliminary attempts to do uranium-lead ages on the Upper Devonian Chattanooga shale have 
proved fruitless because of a high content of original lead. 


MINERAL-ASSEMBLAGE VARIANCE IN CONTACT-METAMORPHOSED PELITES 
FROM NEVADA 


Robert R. Compton 
School of Mineral Sciences, Stanford University, Stanford, Calif. 


Chloritic upper Triassic phyllites that crop out over an area of 200 square miles in the Santa Rosa 
Mountains and Bloody Run Hills of north-central Nevada were intruded and metamorphosed by 
several granodioritic stocks in Cretaceous time. Forty-five chemical analyses of these rocks show that 
the original phyllites had compositions, in per cent by weight, close to: SiOs, 61.3; TiOs, 1.0; Al,Os, 
19.3; Fe,O3, 1.2; FeO, 5.5; MnO, 0.07; MgO, 1.9; CaO, 0.6; Na,O, 1.5; KO, 3.0; HO, 3.9; P.Os, 
0.15; COs, 0.10; S, tr.; C, 0.5 (estimated). Statistical comparisons of compositions indicate that the 
only marked change during progressive contact metamorphism was loss of water. 
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Cordierite, andalusite, and biotite formed from chlorite and micas at the outermost limit of most 
of the aureoles, but chloritoid and staurolite formed locally instead. In the inner parts of the aureoles, 
micas and andalusite changed in part to sillimanite, perthite, and cordierite. In the intermediate 
range of the aureoles, the assemblages cordierite-biotite, cordierite-andalusite-biolite, andalusite-biotite, 
and staurolite-andalusite-biotite (all with muscovite, quartz, and sodic plagioclase) formed from rocks 
with nearly equal compositions. Slightly higher CaO and K.O content may explain the cordierite- 
biotite rocks, but otherwise it must be concluded that the simple, thermodynamically based mineral- 
facies principle cannot be used to predict mineral assemblages in rapidly dehydrated rock bodies 
such as these. Varying rates of dehydration reactions may have caused the variety of assemblages. 


GROUPS OF SPECIES WITHIN PARAFUSULINA AND THEIR 
PHYLETIC SIGNIFICANCE 


Alan H. Coogan 
Cornell College, Mount Vernan, Iowa 


The genus Parafusulina originally included elongate to elongate fusiform schwagerinids char- 
acterized by the presence of cuniculi and a single tunnel. A number of species have been referred to 
Parafusulina which differ from the genotype. 

The group of species like Parafusulina wordensis Dunbar and Skinner have elongate fusiform to 
elongate subcylindrical shells, cuniculi present in the inner whorls, and are early Guadalupian. 
A second group represented by Parafusulina schucherti Dunbar and Skinner are fusiform to elongate 
fusiform with cuniculi restricted to the outer few volutions, and are Leonardian to early Guadalupian. 
A third group, represented by the single species Parafusulina gracilis (Meek), has small but elongate 
shells with cuniculi restricted to outer volutions. It occurs in the Wolfcampian McCloud limestone. 
Finally there is a group represented by Parafusulina wanneri var. sutschanica (Dutkevitch) for which 
Sosnina has named the genus Monodiexodina. These parafusulinids are elongate and have septal 
flutes which do not exceed half the height of the chamber. They occur in Asia in beds of apparently 
early and late Guadalupian age and questionably occur in Northern California. 

Parafusulina of the P. schucherti type seems to have evolved from either Pseudofusulina or Schwa- 
gerina. The Wolfcampian occurrence of P. gracilis, which has an elongate shape and develops similarly 
to P. wordensis, suggests that it may be an ancestral form to the elongate advanced parafusulinids 
of early Guadalupian time. Thus a polyphyletic origin of the genus Parafusulina is considered 
possible. 


STRATIGRAPHIC STUDY OF EASTERN NEVADA TERTIARY VOLCANIC ROCKS 


E. F. Cook 
College of Mines, University of Idaho, Moscow, Idaho 


Most of the volcanic rocks of eastern Nevada are ignimbrites, sheetlike pyroclastic deposits of 
probable nuée ardente origin. Overlapping ignimbrites have been studied in an area of about 20,000 
square miles. Individual units have been traced 100 miles linearly; some of these units probably had 
an original extent of more than 5000 square miles. Several measured sections exceed 2000 feet in 
thickness and include more than a dozen ignimbrites. At least one unit is more than 1000 feet thick, 
but the average thickness is about 200 feet. 

In many of the Nevada ignimbrites lateral lithologic variation is small, whereas the variety among 
units is great; hence individual ignimbrites may be recognized in widely separated sections. Cor- 
relation criteria used include the ratio between lithic, crystal, and vitric components; identifiable 
minerals and their proportions; vertical variations in, and overall degree of welding within, units; 
the presence and nature of planar and discoidal structures. 

The more extensive and consequently the more useful of the eastern Nevada ignimbrites probably 
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were formed within the middle third of the Tertiary period and thus represent a relatively brief 
segment of geologic time. But they document, by their stratigraphic and structural relations, some 
of the major events in the tectonic history of the region. 


SUBSURFACE GLACIAL STRATIGRAPHY IN THE MOUNTAIN IRON-VIRGINIA AREA, 
ST. LOUIS COUNTY, NORTHEASTERN MINNESOTA 


R. D. Cotter and J. E. Rogers 
U. S. Geological Survey, St. Paul, Minn. 


Ground-water investigations in the Mesabi iron-range area included extensive test drilling in 
glacial deposits filling a broad, structurally controlled bedrock valley between Mountain Iron and 
Virginia, Minnesota. As much as 50 feet of bouldery till of the Cary(?) substage of the Wisconsin 
stage rests upon eroded argillite of the Virginia slate (Precambrian). Channels associated with bed- 
rock lows have been eroded in or through this till. Glaciofluvial and glaciolacustrine deposits fill 
these channels and overlie the till. They range in thickness from about 10 to 100 feet and are at- 
tributed primarily to the retreatal stage of the Cary(?) ice. 

Gray and brownish-gray clayey tills aggregating about 60 feet in maximum thickness are distin- 
guishable, usually occupying lows in the surface of the glacio-aqueous deposits. The gray till may 
lie either above or below the brownish-gray till, and in places the two are interbedded. 

The surficial deposit over most of the area is a reddish-brown clayey till. It is usually less than 15 
feet thick and it terminates to the north against the Laurentian divide. To the south it is overlain 
by deposits of glacial Lake St. Louis. 

At least three different source areas are suggested for the tills, as follows: (1) the till of Cary(?) 
age, from the north; (2) the gray clayey till, from the northwest, because it contains limestone 
pebbles; and (3) the reddish-brown clayey till, from the south in the Lake Superior Basin. The origin 
of the brownish-gray ti!l remains problematical. 


STRUCTURE OF A PORTION OF THE NORTHERN TOQUIMA RANGE, NEVADA 


John P. Crawford 
2100 Prairie Avenue, Mattoon, Ill. 


Two contrasting Ordovician facies are recognized in the Toquima Range in central Nevada. 
The allochthonous chert-silt-volcanic western facies has moved eastward over the autochthonous 
carbonate eastern facies. This pre-Pennsylvanian thrusting (Roberts Mountain thrust) involved 
lateral displacements of at least 40 miles. Gravity thrusting is suggested by the great areal extent 
of the incompetent thrust mass and by locally chaotic structures within it. There are imbricate 
thrusts of uncertain age within the eastern facies. Thrusting was from the southwest and from the 
northwest. 

Post-Pennsylvanian deformation included folding, faulting, and low-angle thrusting. The present- 
day Toquima Range was elevated during the Tertiary by a combination of up-arching and block 
faulting. 


POSSIBLE AI-Si ORDERING IN SHEET STRUCTURES 
M. S. Crowley and Rustum Roy 


Department of Geophysics and Geochemistry, College of Mineral Industries, The Pennsylvania State 
University, University Park, Pa. 


In the course of the syntheses of micas and septechlorites it has been noted that the cell dimensions 
of the structures are a reproducible function of the pressure of formation. All the reactions have been 
carried out in sealed noble metal containers and have been repeated dozens of times. 
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The differences are easily measured: For muscovite the difference in c dimension of phases formed 
at 6000 psi and 60,000 psi is 0.04 A; for septechlorite of the clinochlore composition it is 0.02 A for 
formation pressures of 15,000 psi and 50,000 psi. 

Infra-red spectra, X-ray intensities, and effect of the Al-Si order in the starting material have been 
studied in an attempt to show that this difference is caused by Al-Sis ordering. The results are not 
conclusive but do not deny the hypothesis. 


PRE-CARBONIFEROUS FAUNAS, NORTHERN AND CENTRAL NEW BRUNSWICK* 


L. M. Cumming 
Geological Survey of Canada, Ottawa, Canada 


Ordovician, Silurian, and Devonian sediments occur at the margin of the Miramichi Highlands. 
Middle Ordovician graptolites are found along the northern margin of the Highlands near the mouth 
of the Tetagouche River. The volcanic and sedimentary ore-bearing sequence south of the Tetagouche 
Lakes is unconformably overlain by a Middle Silurian (Wenlockian) shelly facies containing Con- 
chidium. Middle Silurian Monograptus species of Ludlovian age occur along the Becaguimec and 
Tay rivers near the southern part of the Highlands. To the north Oriskany brachiopods are char- 
acteristic of a sandstone that occupies the Nepisiquit Lakes structural basin. Its lateral equivalent 
at Mt. Teneriffe is a widespread basal conglomerate containing Lepidocentrus and Lasiocrinus. 


EXPERIMENTAL STUDY OF THE OLIVINE-SPINEL INVERSION IN Mg,SiO, 


Frank Dachille and Rustum Roy 
Department of Geophysics and Geochemistry, The College of Mineral Industries, The Pennsylvania 
State University, University Park, Pa. 


A p-x section at 542°C. has been determined for the system Mg,GeO,-Mg2SiO,. Single-phase spinel 
solid solutions with up to 53 mole per cent Mg2SiO, have been obtained at 65,000 atmospheres. When 
the diagram is completed by extrapolation a value of 100,000 + 15,000 atmospheres is obtained for 
the transition of Mg:SiO, from the olivine to the spinel form at 542°C. The p-t dependence of this 
point has been calculated by using the experimentally determined slope (25.4°C/1000 atm.) up to 
6000 atmospheres for the Mg,GeO, member. Reversibility and reproducibility in uniaxial pressure 
devices have both been achieved within satisfactory limits (+10%). Three methods have been tried 
to calibrate pressure at elevated temperature, but no solution has been reached for absolutizing 
the pressure values cited. 

Infra-red spectroscopy has proved to be a useful tool for indicating the nature of the ionic sub- 
stitution in the quartz, rutile, spinel, and olivine phases encountered. 


AGE OF THE BALTIMORE GNEISS 


G. L. Davis, G. W. Wetherill, G. R. Tilton, and C. A. Hopson 
Geophysical Laboratory and Department of Terrestrial Magnetism, Carnegie Institution of Washington, 
Washington, D. C.; The Johns Hopkins University, Baltimore, Md. 


Age determinations on biotite, feldspar, and zircon from the Baltimore gneiss, sampled between 
Baltimore and Philadelphia in the axis of most intense metamorphism and injection of the Ap- 
palachian orogenic belt, have revealed a significant pattern in the ages of minerals from a single rock. 
At Baltimore, the zircon is 1100 million years old by nearly concordant uranium-lead measurements, 
the biotite is 310 million years old by both rubidium-strontium and potassium-argon methods, and 


* Published by permission of the Director, Geological Survey of Canada. 
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a microcline gives 1200 + 200 m.y. by rubidium-strontium. This age pattern is interpreted to show 
that the minerals of the gneiss were formed 1100 million years ago and that the biotite age is due to 
the effects of the Paleozoic metamorphism about 300 million years ago. The basis for the interpre- 
tation is that the feldspar shows no evidence of detrital characteristics which should exist if the 
gneiss had been made from a sediment 300 million years ago. 

The gneiss from Philadelphia has a concordant uranium-lead age for zircon of 1100 m.y., but the 
biotite was not affected as severely as at Baltimore by the Paleozoic disturbances. The biotite ages 
are 390 m.y. by rubidium-strontium and 560 m.y. by potassium-argon. This same order has been 
observed for micas in metamorphic rocks from the Sudbury district. 

The same pattern of a Precambrian zircon and a Paleozoic mica has been found for the Cranberry 
gneiss at Spruce Pine. 


DISTRIBUTION OF COPPER, ZINC, AND MINOR METALS IN THE SOUTHEAST 
MISSOURI LEAD DISTRICT 


James H. Davis 
35 “D” Street, Bonne Terre, Mo. 


Study of the distribution of the various metals relative to one another and to structural features 
contributes to the understanding of the Southeast Missouri lead-zinc ores. 

Within the central part of the district, occurrences of appreciable sphalerite and chalcopyrite are 
mutually exclusive. Copper mineralization is concentrated in the eastern part of the district and 
appears to be related to a particular fault system. Zinc occurs mostly in the central part of the area, 
and fault correlation is less obvious. Some deviations from this pattern are noted. 

Most occurrences of conspicuous siegenite are in the same general areas as the copper minerali- 
zation. Nickel also occurs as nickeliferous pyrite (bravoite). Trace amounts of zinc, copper, cobalt, 
and nickel are present in most of the ores. 

Cadmium occurs in the lattice of sphalerite. A study of Zn-Cd ratios shows significant variations 
among several mineralized areas. 

Silver occurs in both galena and sphalerite but is about 20 times as abundant in sphalerite. No 
silver minerals were identified. ; 

Spectrographic analyses of concentrates from three mills indicate the presence of certain other 
metals. 

Polished surfaces showed the general paragenetic sequence to be (from earliest to latest) marcasite, 
sphalerite, siegenite, galena, chalcopyrite. 


GOLD-COPPER DEPOSITS NEAR SANTA MARIA DEL ORO, DURANGO, MEXICO 


Robert I. Davis 
Cia Minera de Penoles, S.A. Apartado 251, Monterrey, N.L., Mexico 


The ore bodies of the Santa Marfa del Oro gold-copper district occur along a series of prominent 
northwest-striking fissure veins that cut a fine-grained granite stock. The major veins of the district 
have been developed over a strike length of nearly 3 km and to a depth of about 250 m. 

The granite, probably late Mesozoic in age, was intruded at a relatively high crustal level, and it 
arched the cover of interbedded phyllites, quartzites, and basic flows that are believed to be of late 
Paleozoic age. Northeast-southwest compression and slightly later north-south compression pro- 
duced five sets of fractures that served as channelways first for the intrusion of felsite porphyry 
and diabase dikes, and then for the ascent of the ore solutions. 

Two distinct stages of hypogene mineralization are recognized from a study of the vein pattern 
and a microscopic examination of the altered wall rock and the vein minerals. During the initia] 
stage abundant quartz and pyrite, with lesser amounts of sericite and arsenopyrite, filled the fissures; 
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the wall rock was converted to a cryptocrystalline intergrowth of quartz and sericite. Following a 
reopening of the vein fissures and the formation of some new fractures, specularite, pyrrhotite, chlo- 
rite, and rhombohedral carbonate were first deposited in both the veins and the wall rock; sulfides 
and sulfo-salts of copper, lead, and zinc, and abundant carbonate were next precipitated as vein 
minerals. One of the last minerals deposited was native gold. 


LATE CENOZOIC HISTORY OF NORTHEASTERN SAN JOAQUIN VALLEY 
CALIFORNIA 


S. N. Davis and F. R. Hall 
Department of Geology, Stanford University, Calif. 


The post-Miocene history of northeastern San Joaquin Valley is inferred from continental de- 
posits in the valley. These deposits are divided into two lithologic units, each having a maximum 
thickness of about 1000 feet. The lower unit is the Mehrten formation, Lower and Middle Pliocene 
sequence of lacustrine and fluvial andesitic silts, sands, and gravels. The upper unit is an unnamed 
Upper Pliocene and Pleistocene group of sands, silts, clays, and some gravel, derived mainly from 
granitic rocks of the Sierra Nevada, which were deposited as coalescing alluvial fans. The upper 
unit can be further divided into three subunits on the basis of buried soils which mark former surfaces 
of alluvial fans. The middle subunit also contains a widespread lacustrine clay. The buried soils crop 
out in the eastern edge of the valley and cap old terraces to the east in the Sierran foothills. Stabilized 
parabolic and longitudinal dunes, and deflation depressions modify the surfaces of the latest terraces 
and alluvial fans. 

The following events are inferred: (1) erosion of Sierran volcanic cover, Early to Middle Pliocene, 
(2) tilting of valley deposits by major uplift of Sierran block, Middle to Late Pliocene, (3) slight 
tilting of valley deposits by minor uplift of Sierran block, Early Pleistocene, (4) building of alluvial 
fans by glacial outwash, Early to Late Pleistocene, (5) blocking of San Joaquin drainage forming 
lake of more than 4000 square miles, Middle Pleistocene, (6) desiccation, Recent, and (7) increased 
moisture, present time. 


DEFORMATION PATTERN OF THE APPALACHIANS IN NORTHERN VERMONT 


John G. Dennis 
Dept. of Geology, Texas Technological College, Lubbock, Texas 


Cleavage and schistosity are considered primarily as planes of movement. Their pattern in the 
Paleozoic metamorphic rocks of northern Vermont indicates predominant upward movement, in an 
early and a late phase, during Acadian orogeny. 

Geometry: Along a profile from Lake Champlain to the Connecticut River, early cleavage appears 
as axial plane cleavage from the Champlain thrust to the foot of the Green Mountains. Dips on early 
cleavage vary from gently eastward near the thrust to nearly vertical farther east. From the western 
slopes of the Green Mountains to the Connecticut River early cleavage is a bedding schistosity 
transecting apices of associated minor folds. These folds are usually parallel to the regional tectonic 
trend 6, except in the area of the Green Mountain arch where they tend to be parallel to a. 

Late cleavage is developed as steep slip cleavage, except where it forms a domelike pattern around 
the Willoughby structural arch at the eastern end of the profile. Associated minor folds normally 
face away from the crest of this arch. 

Interpretation: Cleavages of both generations are interpreted as indicating upward movement. 
The early cleavage pattern in the west suggests westward overspilling bounded by the Champlain 
thrust. Early bedding schistosity and associated a folds on the Green Mountain arch indicate stretch- 
ing in a due to updoming. Late cleavage and associated minor folds in the east form a basement-style 
movement picture of a passive mantle tending to flow away from the crest of the rising Willoughby 
arch. 
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EVIDENCE ON THE ORIGIN OF BLIND RIVER URANIUM—PROGRESS REPORT 


Duncan R. Derry 
Rio Canadian Exploration Limited, 335 Bay Street, Toronto, Canada 


With 11 mines in the Blind River area now in full or partial production, evidence on the origin of 
the uranium mineralization is beginning to accumulate, and some provisional conclusions can be 
drawn. 

The facts we have at present are: 

(1) Commercial ore is mainly restricted to quartz pebble conglomerate beds included in pre- 
dominantly quartzitic Lower Huronian sediments, and there is a direct relationship between maxi- 
mum conglomerate development (probably deposited in river estuaries) and grade of uranium ore. 

(2) The source of material in the beds is from the northwest. 

(3) The proportion of uraninite to brannerite tends to be higher on the south relative to the north 
side of the main basin. 

(4) Age determinations (Department of Geophysics, University of Toronto) show that definite 
detrital minerals (zircon and monazite) have an age of about 2500 m.y., while the uraninite and 
brannerite date at about 1700 m.y. A granite intruding the Mississagi dates at about 1500 m.y. 
Conclusions: 

(1) The Lower Mississagi (Lower Huronian) was deposited at least 1700 m.y. ago in estuaries 
of rivers deriving material from an older land mass to the northwest. 

(2) Uraninite and brannerite were deposited contemporaneously with, or soon after, deposition 
of beds but not as detrital material. 

(3) Deposition of uranium from hydrothermal solutions is rather unlikely because of close as- 
sociation of mineralization with drainage pattern and the fact that the only granite intruding Hu- 
ronian is younger than the uranium minerals. It seems more likely that the uranium was precipitated 
in the quartz pebble beds before burial, possibly through the agency of organic material. 


ORIGIN AND MODE OF OCCURRENCE OF FINE-GRAINED DISSEMINATED 
PYRITE IN COAL 


Maurice Deul 
Bituminous Coal Research, Inc., 121 Meyran Avenue at Forbes Street, Pitisburgh, Pa. 


Sulfur is essential to the development and growth of organisms and is a fundamental constituent 
of protein. In fresh waters the sulfate ion is second in abundance only to the carbonate ion and in 
marine waters is second only to the chloride ion. 

Tron is present in low concentrations in fresh and marine waters, generally below 1 ppm. In plants 
iron is generally less than 0.5 per cent of the ash content. 

Probably the principal source of iron for eventual formation of pyrite in coal is the colloidal or 
very fine-grained detritus deposited in the peat swamp; in that environment organic acids dissolve 
iron-bearing minerals. 

Sulfate-reducing bacteria provide a concentration of sulfide ions which, added to the sulfide ions 
produced from partially decayed plant tissues, is sufficient to account for the total sulfur present in 
most coals. 

Pyrite is present in some coals as extremely fine-grained disseminations in vitrinite. In addition 
to diffusion this explanation is offered for such an occurrence: During compaction an enormous 
amount of water is squeezed out of peat and associated sediments. The water content will drop from 
about 95 per cent for a young peat to below 20 per cent for a sub-bituminous coal. During this di- 
agenetic stage, when water of low pH and relatively high concentration of dissolved iron is being 
forced through the incipient coal bed, ferrous ions and sulfide ions will combine to form FeS, and, 
with an excess concentration of sulfide ions in the environment, pyrite will ultimately form. 
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ROLE OF MINIMUM INTERFACIAL FREE ENERGY IN DETERMINING THE 
MACROSCOPIC FEATURES OF MINERAL ASSEMBLAGES 


George W. DeVore 
Department of Geology, University of Chicago, Chicago, Ill. 


The interfacial (grain-boundary) free-energy contribution to mineral interrelationships is largely 
ignored in the petrologic literature. Although only a small part of the total energy of the system, 
the interfacial free energy could play a dominant role during nucleation, crystal growth, exsolution, 
replacement, and diffusion transfer—processes largely involving surface phenomena. By efiectively 
determining the saturation point of the dispersed phase, nucleation sites, nucleation frequency, 
grain form, extent of individual grain growth, and, for certain systems, modal composition for the 
mineral assemblage could be determined by the minimum interfacial free energy of the system. 

Because of a continuously changing environment about a grain during its growth (caused by any 
grain boundary strain, grain orientation, and/or compositional differences of adjacent grains or 
phases), the interfacial free energy associated with the grain (and its associated grains) must con- 
tinuously increase; this requires a continuous increase in the effective concentration of the dispersed 
phase for further growth—especially in heterogeneous systems. In certain systems, this increase in 
interfacial free energy could result in a maximum grain association limit for the growing grain if the 
concentration required for its further growth is higher than required for the precipitation of the ma- 
terial as a separate group of grains to form veins of the phase. 

Relative grain sizes, grain distributions, extent of various grain associations, and nature of grain 
contacts are interpreted as an expression of a minimum interfacial free energy of the mineral as- 
semblage. The quartz-feldspar system as an example is discussed. 


MESOZOIC MARINE CLASTIC ROCKS OF VOLCANIC DERIVATION 
IN SOUTHWESTERN GRANT COUNTY, OREGON 


William R. Dickinson 
School of Mineral Sciences, Stanford University, Stanford, Calif. 


In the vicinity of Izee on the South Fork of John Day River, 30,000 feet of Upper Triassic and 
Jurassic strata consists dominantly of dark marine mudstones with abundant intercalated sandstones 
and conglomerates. Thick sequences of volcanic sandstones (epiclastic) and tuffs (pyroclastic) are 
present at several horizons. Volcanic debris is abundant as well in many quartz-rich lithic graywackes. 

In the Triassic, black and green keratophyric tuffs and sandstones composed of volcanic rock 
fragments and albite (rarely andesine) grains are associated with quartz keratophyre tufis, now 
recrystallized to dense felsites composed dominantly of quartz and albite with argillaceous impurities. 
A thick spilite flow sequence and individual thin flows of felsophyric keratophyre are locally inter- 
bedded with the clastic volcanic rocks. 

In the Lower and Middle Jurassic, blue-gray spilitic tufis composed of plagioclase and fresh augite 
crystals, partially devitrified or celadonitized shards and glassy lithic fragments, and a matrix of 
celadonite(?) make up, together with associated volcanic sandstones, 1500+ feet of strata. Most 
of the feldspar is cloudy albite and partially albitized labradorite, although fresh labradorite occurs 
sparingly. The presence of clear labradorite grains adjacent to albitized grains in tufis suggests 
that the albitization occurred prior to deposition, therefore before or during eruption. Fine-grained 
dacite and quartz keratophyre tufis, containing crystals of quartz, biotite, and plagioclase (andesine 
or albite) set in a felsitic groundmass of quartz and albite or authigenic zeolites, occur together in 
the Upper Jurassic. 
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EARLY CENOZOIC VERTEBRATE PALEONTOLOGY, SEDIMENTATION, AND 
OROGENY, CENTRAL-WESTERN WYOMING 


John A. Dorr, Jr. 
291 Gralake, Ann Arbor, Mich. 


Study of the early Cenozoic Hoback formation adds detail to the Laramide history of central- 
western Wyoming. The new, late Torrejonian, Battle Mountain vertebrate faunule, low in the 
formation, includes a new species of Tetraclaenodon. Additions to the intermediate Dell Creek faunule 
include a new species of Elpidophorus. Additional mammals from three other localities are described. 
In combination with earlier studies, stratigraphic thickness, faunal ages, and faunal levels, plotted 
together, provide estimates of sedimentation rates and times of orogeny. The formation is a thick 
synorogenic deposit of fluviatile, palludal, and lacustrine materials that accumulated in a subsiding 
orogenic trough. Sedimentation was very rapid, probably beginning and accelerating in Torrejonian, 
culminating during late Torrejonian, then decelerating during Tiffanian, Clarkforkian, and Gray- 
bullian times prior to a Late Phase of orogeny. Sediment was derived locally from western, Mid- 
Laramide orogenic highlands which began to rise in the early Torrejonian and culminated sometime 
between the middle and end of the Torrejonian. Orogenic phases were relatively brief but intense. 
The area of deposition then was much lower in altitude, forested, temperate, humid, locally swampy 
with some lakes, and largely inhabited by a forest fauna. The Cliff Creek thrust which overrode the 
Hoback formation is internally complex, with distinct fold-fault sets trending parallel with, per- 
pendicular to, or acute to the thrust trace. Fold axes in the overridden western part of the Hoback 
formation roughly parallel the thrust trace and are concealed locally beneath the thrust. Local 
deformation severely distorted conglomeratic materials in the formation. 


SAND DUNES OF NORTHEASTERN SNAKE RIVER PLAIN, IDAHO 


Wakefield Dort, Jr. 
University of Kansas, Lawrence, Kans. 


A 20-mile-wide band of longitudinal dunes extends across the lava plain from the National Reactor 
Testing Station some 60 miles northeastward to the vicinity of St. Anthony. Except at the north- 
eastern (downwind) end, the dunes are long, narrow, straight,.very low parallel ridges of the wind- 
rift type. Average dune height ranges from only 2 feet at the southwestern (source) end to 20 feet 
toward the northeast. Corresponding widths range from 200 to 70 feet. These dunes are stabilized 
by a brush cover. 

Near St. Anthony, Juniper Buttes, a 1000-foot-high faulted lava dome causes the sand stream 
to split. Belts of brushless, migrating complex transverse dunes pass along each side of and partially 
override the hills. At the point of splitting, Sand Mountain rises 300 feet above the lava plain. The 
northeasternmost part of the sand area consists of brush-covered, hairpin-shaped windrift dunes 
and scattered brush-free parabolic dunes, the tails of which point upwind. 

Source of the sand was alluvium deposited in a structural depression on the lava surface by streams 
draining high, glaciated mountains along the northern border of the plain. Freshness of primary 
flow features indicates a late Pleistocene age for the lavas. Superposition of the dunes on these lavas 
suggests that they were formed from Wisconsin outwash. 


EARLY WISCONSIN TILLS OF THE LAKE ERIE, LAKE ONTARIO, 
AND ST. LAWRENCE RIVER REGION* 


Aleksis Dreimanis 
Geology Department, The University of Western Ontario, London, Ontario, Canada 


Post-Sangamon tills of the Lake Erie, the Lake Ontario, and the St. Lawrence River region were 
deposited by glacial flows which had traversed a wide zone of Grenville and Paleozoic rocks. The 


* This study has been supported by research grants from the Geological Survey of Canada. 
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central (Ottawa-Montreal) portion of this zone contains more purplish garnet and dolomite than 
the adjoining areas. These bedrock differences are reflected in the lithologic composition of tills 
farther south and serve for determination of regional glacial movements. 

More than two post-Sangamon tills have been reported by various authors in the area investi- 
gated. Heavy minerals and carbonates were studied in matrix of these tills. The preliminary results 
of these studies (ratios of purplish to orange-red garnets and calcite to dolomite) suggest that the 
center of glacial outflow was farther east in Quebec or Labrador during deposition of the lowermost 
of the post-Sangamon tills than during deposition of the younger till layers. The lowermost tills are 
covered in several places by interstadial cool-climate organic deposits, older than 30,000 or 40,000 
years. These tills are considered Early Wisconsin (or post-Sangamon, pre-classical Wisconsin) and 
are tentatively correlated with the Wiirm I of Europe. 


DIVISION OF MISSISSIPPIAN ROCKS IN INDIANA BY CLAY-MINERAL VARIATION* 


John B. Droste and Jack L. Harrison 
Department of Geology, Indiana University, Bloomington, Ind.; Indiana 
Geological Survey, Bloomington, Ind. 


A mineralogical study of more than 200 samples of Mississippian rocks that crop out in Indiana 
indicates that this system is divisible into five units on the basis of clay-mineral composition. With 
their characteristic clay-mineral composition these units are: (1) New Albany formation: poorly 
crystalline illite and mixed-layer material; (2) Borden group: highly crystalline illite and chlorite 
with minor amounts of mixed layering; (3) Harrodsburg-Salem-St. Louis formations: illite, minor 
amount of mixed-layered material, and a small amount of chlorite, particularly in the St. Louis; 
(4) Ste. Genevieve-Aux Vases formations: illite, kaolinite, a small amount of mixed-layered material, 
and chlorite; (5) Chester series: kaolinite, much mixed-layered material, and poorly crystalline illite. 

The observed zonation by clay minerals is compatible with the history of sedimentation in the 
area during Mississippian time. The clay-mineral variation is interpreted to be due primarily to 
variation in composition of source material carried into the basin during Mississippian time. 

Preliminary data obtained from subsurface samples indicate the continuance of these zones into 
the deeper parts of the Illinois Basin. 


PALEOGEOGRAPHY AND SEDIMENTATION IN THE CARPATHIAN GEOSYNCLINE 
DURING THE OLIGOCENE 


Stanislaw Dzulynski 
Geological Laboratory, Academy of Sciences, Cracow, Poland 


The late flysch sediments in the Carpathian geosyncline, the Krosno Beds (Oligocene), the Magura 
beds (Upper Eocene-Oligocene), and the Podhale flysch (Middle Eocene-Oligocene) were laid down 
in separate troughs—the Main trough, the Magura trough, and the Podhale flysch basin. 

Mapping of current indicators in these strata carried out by M. Ksiazkiewicz, A. Radomski, A. 
Slaczka, and the writer revealed the existence of intrageosynclinal source lands that contributed 
clastics to these troughs. No:known borderlands influenced this sedimentation. 

The Krosno beds show interstratification of coarse and fine sandstones with opposite directions of 
supply, suggestive of two narrow depositional basins. 

In the Middle Krosno beds the earlier supply from the south changes to sublongitudinal filling 
from the northwest. This indicates the submergence of southern source lands and an upraising of the 
northwestern part of the geosyncline, accompanied by redeposition of sediments. 


* By permission of State Geologist, Indiana Geological Survey, Bloomington, Indiana. 
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The Krosno flysch passes upward into marls and diatomites. These indicate an approach to shallow- 
water environments that preceded the final compression of the troughs. 

The sedimentological evidence supports the idea of large horizontal shifts of rocks and shortening 
in orogenic zones. In the geosyncline the orogeny was more or less continuous. Short “revolutionary” 
episodes occurred in the component troughs when the strength of the crust had been reduced by the 
downwarping of nonresistant flysch and weakening of rocks by deep-seated metamorphic processes. 


SHALLOW NATURE OF LARAMIDE DEFORMATION 


A. J. Eardley 
University of Utah, Salt Lake City, Ulah 


With debatable exceptions it appears that the igneous rocks of the Laramide tectonic systems, 
including most of the Basin and Range, came from olivine basalt, and that, although minor amounts 
of silicic rocks have been assimilated, no roots of any consequence have been melted. This is taken 
as an indication of shallow deformation. 

Neither basins nor uplifts are preferred by the rising magmas. Post-Archean basins as deep as 
40,000 feet, or the later folds and thrust sheets, seem not to have generated downward protuberances 
which melted. 

Post-Laramide vertical adjustments are statewide and indicate a lack of roots to ranges or local 
uplifts. 

It has not yet been determined how even or irregular the surface of the base of the silicic crust is, 
but the possibility is visualized that the base remains fairly regular during deformation of the rocks 
of the upper 10 km, and this is accomplished by flow of the base of the silicic crust with the wide- 
spread development of crystalline metamorphic rocks and perhaps migmatites. 


REGIONAL STRUCTURE AND LITHOLOGY IN RELATION TO URANIUM DEPOSITS, 
KARNES COUNTY AREA, TEXAS 


D. Hoye Eargle 
U. S. Geological Survey, Austin, Texas 


The uranium deposits of the Karnes County area, south-central Texas, are chiefly in tuffaceous 
sandstones and siltstones of the Jackson formation (upper Eocene). In other localities to the north- 
east and to the sou‘ hwest uranium has been found in the Catahoula tuff (Miocene?), the Oakville 
sandstone (Miocene), and in the Goliad sand (Pliocene). 

The principal uranium region is broken by two major and several minor faults trending northeast, 
paralleling the regional strike, and by numerous minor faults that trend north or northwest. The 
northeast-trending faults have impeded the flow of fluids, altering the normal movement of ground 
water down the dip and providing traps for oil and gas. The two major faults are the Falls City 
fault in the northeast part of the area, downthrown side to the southeast, and the Fashing fault, 
southwest of the Falls City fault and roughly en echelon to it, downthrown side to the northwest. 
The largest uranium deposits discovered to date in the Karnes County area lie in a gently dipping, 
warped block several miles wide between the ends of the major faults. The oil fields, with one ex- 
ception, produce oil or gas from Tertiary units. The Fashing Edwards field produces a gas rich in 
distillate and sulfur. It may be that slow seepage of gas upward along the faults of the area furnished 
a precipitant for the uranium concentrated in the ground waters of the area, in the region where the 
fluid movement has been hindered by the structural anomalies and permeability barriers. 
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ORIGIN AND OCCURRENCE OF EXTENSIVELY DEVELOPED LAYERED 
STRUCTURES IN LEUCOGRANITE-GRANITE PEGMATITE, HURON 
CLAIM-JOHNSTON LAKE AREA, SOUTHEAST MANITOBA, CANADA 


F. Donald Eckelmann, Leon E. Long, and Edwin A. Olson 
Department of Geology, Brown University, Providence, R. I.; Columbia University, Lamont Geological 
Observatory, Palisades, N. Y.; Columbia University, Lamont Geological Observatory, 
Palisades, N. Y. 


Delicate layering representing variations in mineral composition and grain size is observed in an 
elongate highly discordant leucogranite pluton. Layers differing in mineral content from the massive 
leucogranite contain more muscovite, muscovite and garnet, quartz, or garnet. Gray quartz-rich 
bands are 1-4 inches thick, sharply bounded on the footwall side, and gradational to feldspar-rich 
rock on the opposite side. Within single outcrops quartz bands consistently have the sharp boundary 
on the same side, producing a rhythmic sequence suggestive of gravitational differentiation. Garnet 
bands range from a fraction of an inch to 2 inches thick and locally exhibit the boundary features 
of quartz bands but more commonly have two gradational boundaries, as do the remaining types. 
Layers are constant in width through outcrops several hundred feet long, and in places conform- 
able pegmatites extend across wide outcrops, emphasizing the banded appearance. Elongate inclu- 
sions are everywhere parallel to layers, and both are parallel to the discordant contacts, thus pro- 
viding strong evidence that much of the layering is a consequence of laminar flow which caused a 
drawing out of compositional inhomogeneities in the silicate melt. Textural variations between peg- 
matite horizons, coarse granite horizons, and finer-grained layers of characteristic mineral composi- 
tion are possibly due to differences in the quantity of volatiles present. Crystallization of many 
minerals in flow layers occurred after emplacement, in an essentially static environment, as evidenced 
by the absence of preferred orientation of platy minerals parallel to layers and by local preferred 
orientation of muscovite flakes perpendicular to layers. 


INVESTIGATION OF SEPIOLITES FROM UTAH AND NEVADA 


A. J. Ehlmann, A. J. Regis, and L. B. Sand 
Department of Mineralogy, University of Utah, Salt Lake City, Utah 


Sepiolite (HsMgsSiiOs0(OH).10-6H2O) occurrences in three mining districts were investigated by 
field and laboratory techniques to determine the geological environment. Analytical data were ob- 
tained on samples from these occurrences and on two additional sepiolites. 

In the Maxfield Mine, Big Cottonwood Canyon, Salt Lake County, Utah, sepiolite occurs in 
carbonates of the Madison formation (Mississippian) as paper-thin, white veinlets in a larger ore 
vein containing pyrite, galena, sphalerite, calcite, and quartz. White to tan sepiolite, calcite, and 
chalcedony, in veins up to 6 inches wide, occur in an unnamed Permian carbonate formation in the 
Ferber Mining district, Elko County, Nevada. In the Mineral Range, Beaver County, Utah, white 
sepiolite, in veins up to 1 inch wide, is found with calcite and quartz in a carbonate bed of the Kaibab 
formation (Permian). 

The analytical data were obtained on the five sepiolites by chemical, X-ray-diffraction, differential- 
thermal, optical, and infrared-absorption analyses. Hydrothermal decomposition temperatures and 
decomposition products also were determined. 

Similarities in the Utah and Nevada occurrences, widely separated geographically, indicate a 
common mode of genesis. In all cases where field relations could be studied, the following similarities 
were noted: (1) the host rock is a carbonate, partly or wholly dolomite; (2) calcite and quartz and/or 
chalcedony occur with the sepiolite veins; (3) intrusive rocks are found in the vicinity; (4) sulfide 
minerals are present with the sepiolite or are found near by. 

It is believed the sepiolites were formed by low-temperature hydrothermal solutions during the 
last stages of sulfide-mineral deposition in carbonate beds. 
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PATTERN OF EARLY CRETACEOUS SEAS IN THE WESTERN INTERIOR 


Don L. Eicher 
Geology Department, University of Colorado, Boulder, Colo. 


In the Big Horn Basin of Wyoming the Thermopolis shale (Lower Cretaceous) of Lupton consists 
of three mappable units: a lower sequence of black shales and prominent siltstones, the Muddy 
sandstone, and an upper sequence of black shales and some bentonites. This paper restricts the 
term Thermopolis shale to the lowest of these three units in conformance with local usage, recognizes 
the Muddy sandstone as a formation, and recognizes the upper unit, typically exposed near Shell 
Creek, as a formation. 

The restricted Thermopolis shale consists of four informal members: the rusty beds at the base, 
a lower shale, a middle silty shale, and an upper shale. Stratigraphic evidence indicates that the 
three lower members were deposited in an embayment of the boreal sea which extended deep into 
the western interior. The upper shale member of the Thermopolis contains Foraminifera of both 
the boreal and Gulf Coastal provinces and indicates joining of the seas. Thus, late in Thermopolis 
time the interior seaway first extended the length of the continent. 

The Muddy sandstone is a widespread unit which records a single depositional episode. Faunas 
and sediments indicate a variety of shallow-water environments. 

The unit above the Muddy sandstone contains only boreal Foraminifera indicating deposition 
in a southern embayment of the boreal sea. This unit pinches out southward and is overlapped by 
the siliceous Mowry shale. Mowry macrofossils also indicate deposition in the southern embayment 
of the boreal sea. Connection with the Gulf Coastal sea was again made early in Late Cretaceous 
time. 


PROGRESSIVE METAMORPHISM OF AMPHIBOLITE, NORTHWEST ADIRONDACK 
MOUNTAINS, NEW YORK 


Celeste G. Engel and A. E. Engel 
U. S. Geological Survey; California Inst. of Technology, Pasadena, Calif. 


The progressive metamorphism of amphibolite interlayers in the major paragneiss of the north- 
west Adirondacks has been investigated throughout a belt 35 miles long. Maximum temperatures 
of metamorphism seem to have increased uniformly from about 500°C. at one end of the belt to 
600° at the other. This gradient in temperature is calculated from the several geothermometers used 
to calibrate the metamorphism of the paragneiss (Engel and Engel, 1955). Depths of metamorphism, 
base? «pon geologic reconstructions, are thought to be about 5 to 7 miles. 

The chemical composition of the amphibolites varies little from that of a typical basalt even at 
highest temperatures of metamorphism. In contrast, mineralogical changes with increasing tem- 
perature are marked and systematic. Amphibolite metamorphosed at 500°C. consists of quartz 10, 
andesine 20, hornblende 67, and spinels and sulfides 2; at ~525°C. green clinopyroxene appears; 
at ~550°C. pink orthopyroxene appears; at 600°C. the amphibolite contains quartz 2, calcic andes- 
ine 39, hornblende 26, clinopyroxene 21, orthopyroxene 7, spinels, and sulfides 4. 

Principal changes in chemical composition with increasing temperature are decreases in H,O, 
F, Cl, Fe+**, and, at 600°C., K. Ca and Mg may increase slightly. Concurrently the enveloping 
paragneiss is depleted in Si, K, H,O, F, Cl, and Fe*** and enriched in total Fe, Ca, and Mg. Asso- 
ciated siliceous marble is profoundly decarbonated. 

Accordingly, the metamorphism of rocks now exposed released large volumes of “hydrothermai”’ 
fluids and, at highest temperatures, granite- and ore-forming elements. Threshold conditions for 
degranitization of paragneiss (metagraywacke ?) and amphibolite were respectively about 550°C. 
and 600°C. 
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FAULTING, GRAVITY SLIDING, AND BRECCIATION IN THE FANNY PEAK 
QUADRANGLE, BLACK HILLS, WYOMING-SOUTH DAKOTA* 


Jack B. Epstein 
Dept. of Geology, Univ. of Wyoming, Laramie, Wyo. 


Four monoclines and associated structural terraces in the Fanny Peak quadrangle of the Black 
Hills are interpreted as six fault blocks at depth, which have a minimum displacement of 6000 feet. 
The intersecting Fanny Peak and Black Hills monoclines represent lines of major structural weak- 
ness. The Fanny Peak monocline passes into a near-vertical normal fault with a throw of approxi- 
mately 800 feet 2 miles north of the quadrangle. 

The Minnekahta limestone (25-40 feet thick) exhibits secondary structures attributed to gravity 
sliding. Cascade folds and slip sheets, with displacements not more than 30 feet, developed in ex- 
posed beds whose dip was 30+°. Numerous intraformational folds and faults formed when units 
within the limestone slid over each other. Shortening of 100-300 feet per mile is estimated. 

The upper 200-300 feet of the Minnelusa formation is a breccia of coarse sandstone, limestone, 
and dolomite fragments showing little abrasion. In the subsurface 15 miles to the south the unit is 
thicker and contains about 250 feet of anhydrite. The origin of the breccia is attributed to removal 
of anhydrite by ground water and subsequent collapse of the overlying strata. Crude bedding indi- 
cates uniform collapse; breccia pipes result from more intensive brecciation. The base of the breccia 
is stratigraphically 200 feet lower in Fanny Peak Canyon than in Redbird Canyon, 4 miles to the 
east, indicating that the anhydrite occurred as lenses at different levels. Calcium sulfate in spring 
waters east of Stockade Beaver Creek attests to present removal of anhydrite. 


PHYSICAL AND CHEMICAL PROPERTIES OF THE PETROGRAPHIC COMPONENTS 
OF A HIGH-VOLATILE BITUMINOUS COAL 


S. Ergun, J. T. McCartney, and M. Mentser 
U.S. Bureau of Mines, Pittsburgh, Pa. 


Concentrates of the petrographic components of a high-volatile bituminous coal were obtained 
by centrifugal separation in salt solutions of adjusted specific gravity. Samples containing 94 per 
cent vitrinite, 86 per cent exinite, 87 per cent micrinite, and 96 per cent fusinite were obtained. 

Chemical analyses of the concentrates showed considerable differences in chemical composition. 
Exinite and fusinite differed most; the former has high-volatile matter (55.3 per cent) and hydrogen 
(6.5 per cent) contents, and the latter low-volatile matter (13.4 per cent) and hydrogen (3.2 per 
cent). Vitrinite and micrinite contained similar, intermediate amounts of volatile matter (33.7 and 
31.4 per cent) and hydrogen (5.4 and 4.8 per cent). 

The densities of the components, determined by helium displacement, are linearly related to the 
hydrogen mol fraction contents. The accuracy of this relation for the components of a given coal 
suggests that they have a common basic structure despite the relatively large differences in chemical 
composition. 

X-ray scattering patterns of the components also indicated that they have nearly the same aro- 
matic layer structure. The main differences appear to be in packing of the layers. Higher content 
of nonaromatic edge groups, as in exinite, is the probable cause of wider separation of the aromatic 
layers. The scattering curves were analyzed quantitatively to obtain distributions of carbon atoms 
as amorphous carbon or in different sized layer groups. Amorphous carbon and smaller groups 
were found in exinite and vitrinite, while larger layers predominated in micrinite and fusinite. 


* Publication authorized by the Director, U. S. Geological Survey. 
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RE-EXAMINATION OF THE SYSTEM Al,0;-H,O 


Edwin S. Erickson, Jr., and Rustum Roy 
Department of Mineralogy; Department of Geophysics and Geochemistry, College of Mineral Industries, 
The Pennsylvania State University, University Park, Pa. 


The earlier investigation of the system has been repeated and extended from about 15,000 psi 
to 60,000 psi under hydrothermal conditions. In addition some uniaxial pressure runs up to 20,000 
atm. are described. Two additional starting materials, including aluminum metal, have been tried, 
and reactions have been accelerated by the addition of NaAlO, and NazCO;. The data obtained 
are compatible with and extend the diagram of Ervin and Osborn except with respect to the sharp 
curvature of the diaspore boehmite transition at low pressure. Experimental evidence thus con- 
tinues to favor the stability of boehmite at low temperature. 


STUDY OF SYNTHETIC AND NATURAL MAGNESIORIEBECKITE 


W. G. Ernst 
Geophysical Laboratory, Carnegie Institution of Washington, Washingten, D. C. 


Magnesioriebeckite, Na:Mg;Fe2***Sis02(OH)2, has been synthesized hydrothermally and its 
stability field determined. As the investigated bulk composition contains iron, the physical pa- 
rameters which determine phase equilibria include the partial pressure of oxygen as well as the 
temperature and vapor (= total) pressure. 

The stability field of magnesioriebeckite is bounded by surfaces within a Po.-Pyapor-T volume. 
Pyapor-T diagrams represent projections along the Po, axis. The partial pressure of oxygen was con- 
trolled in these experiments by iron-oxide buffers. Three Pyapor-T diagrams are presented for mag- 
nesioriebeckite, each determined using a different buffer. At low pressure, magnesioriebeckite breaks 
down to a high-temperature assemblage consisting of one or two iron (+ Mg) oxides, an olivine, 
Na,0-5(Mg, Fe)O-12SiO., acmite or Na,O-2(Mg, Fe)O-6SiO., and vapor. At pressures greater 
than about 200 bars magnesioriebeckite melts to one or two iron (+ Mg) oxides, an oli- 
vine, Na,O-5(Mg, Fe)O-12SiO2, liquid, and vapor. Above 300-500 bars pressure, magnesioriebeckite 
melts to one or two iron (+ Mg) oxides, an olivine, an orthopyroxene, liquid, and vapor. 

Heats of reaction for the breakdown of magnesioriebeckite have been calculated. Optical proper- 
ties of synthetic magnesioriebeckite vary in response to Po, and T. 

Results of this investigation indicate that magnesioriebeckite is stable at magmatic temperatures 
under appropriate chemical conditions; the existence of an intermediate member of the magnesiorie- 
beckite-riebeckite series as an authigenic mineral suggests that magnesioriebeckite is also stable at 
very low temperatures. Since it has a wide P-T range, the restricted natural occurrence of mag- 
nesioriebeckite results chiefly from the rare fulfillment of hypersodic chemical conditions. 


ROLE OF CLIMATIC CHANGE IN THE FORMATION OF PAIRED ROCK-CUT 
RIVER TERRACES 


Donald F. Eschman 
Dept. of Geology, University of Michigan, Ann Arbor, Mich. 


Much has been written concerning the formation of paired alluvial terraces as the result of climatic 
change. Paired rock-cut river terraces are just as commonly due to climatic change, but such a 
cause for their formation is rarely considered. A graded stream cutting its valley in bedrock is strongly 
affected by any shift in climate which changes either discharge or load. Such a change either increases 
or decreases the importance of lateral planation by the stream. 
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Field work along the headwaters of North Platte River demonstrated such a shift in the relative 
importance of incision and lateral planation as a result of climatic change. Six well-defined rock-cut 
terraces were studied in detail. All the terraces are of probable Pleistocene age, and two terraces 
can be directly correlated with glacial moraines of different late Wisconsin ice advances. The times 
of ice formation and valley-flat development were periods of relatively humid, cool climate. The 
valley flats were subsequently incised, and rock-cut terraces formed, during interstadial times when 
the climate was more like the semi-arid climate of today. The author believes that the other four 
terraces found along North Platte River probably formed as a result of humid-arid climatic changes 
in the same directions, but that it is unnecessary that the climatic oscillations were all so extreme. 


MINERAL ASSEMBLAGES AND PHASE RELATIONS IN THE GREEN RIVER 
FORMATION 


Hans P. Eugster and Charles Milton 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C., and the Johns Hopkins 
University, Baltimore, Md.; U. S. Geological Survey, Washington, D. C. 


Mineral assemblages of the Green River formation include nahcolite, trona, shortite, eitelite, 
northupite, analcite, searlesite, reedmergnerite, riebeckite, acmite, sepiolite, and loughlinite, as well 
as major dolomite, calcite, and quartz. 

Data on the system NaHCO;-Na,CO;-H.O are recalculated to activity of CO2 (or Peo,) and tem- 
perature. In air (300-400 ppm CO.) the nahcolite-trona boundary is at about 35°C., with nahcolite 
the low temperature-high Pco, phase. 

The Wyoming trona, occurring without nahcolite, formed by evaporation in a shallow and warm 
basin, in equilibrium with atmospheric CO:. The widespread nahcolite (free from trona) of Utah 
and Colorado crystallized in deeper and cooler basins at higher activities of (partially biogenic) 
CO,. Trona crystallizes from brines above 4.2 normal in Na*. Nahcolite precipitates from brine 
1.5 to 4.2 normal in Na*, with lowest concentrations related to highest activities of CO:. Relative 
sequences of the univariant Pco,-T curves for the following reactions can be predicted: 

(1) 3 nahcolite + H,O = trona + CO, 
(2) 2 nahcolite + 2 calcite — shortite + CO. + H,O 
(3) 6 nahcolite + 2 dolomite — shortite + 2 eitelite + 4 CO. + 3 H,O 
(4) 2 nahcolite + magnesite — eitelite + CO. + HO 
(5) 2 nahcolite + magnesite + halite — northupite + CO, + H,O 
The most common of these assemblages are nahcolite + shortite and trona + shortite. 

Observed mineral assemblages involving analcite, albite, searlesite, reedmergnerite, and SiO. 
(principally chalcedony) indicate that the Pg,o-T curve for searlesite + SiO. — reedmergnerite + 
HO lies at lower temperatures than that for analcite + SiO. — albite + H,O. 

The presence of acmite and riebeckite in a reducing environment agrees with their existence at 
very low oxygen pressures as demonstrated in recent experiments. 


SILICA BANDS AND SERPENTINITE IN THE TAITA HILLS, KENYA* 


Oswald C. Farquhar 
Department of Geology, University of Massachusetts, Amherst, Mass. 


The Taita hills are composed of an Archean metasedimentary basement with one or more sheets 
of ultramafic rock. Originally peridotite, this now appears as serpentinite in 10 principal lenses 
and several smaller masses, mostly bordered by zoned magnesian schists and having minor pockets 
of anthophyllite asbestos. Many serpentinite lenses enclose silica bands with maximum dimensions 
of about 100 by 25 feet. Silica also replaces olivine in the peridotite-serpentinite and occupies rock 
cavities caused by volume changes. The chief minerals are chalcedony, opal, agate, and quartz 


* Published with the approval of the Chief Geologist, Mines and Geological Department, 
Nairobi. 
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with scarce carbonates; iron oxides stain the silica masses reddish brown or yellow. The association 
of much free silica with ultramafic rocks that have the least contained silica of the plutonic series 
presents a problem in genesis. The silica does not form a caprock on the serpentinite, and the possi- 
bility that it results from surface decomposition of the ultramafic rock is rejected in favor of a hydro- 
thermal origin. According to this theory silica derived from the basement complex during regional 
metamorphism altered the peridotite to serpentinite and triggered the release of additional silica 
viz: 


3(2MgO-SiO.) + 3CO, + SiO, + 2H,0 
olivine carbon silica water 
dioxide 
— + 3MgCO; + 2Si0, 
serpentine magnesite silica 


Time of silicification is indicated by the subconcordance and brecciation of the silica bands, attributed 
to deformation during regional metamorphism. These silica bands in Kenya are briefly compared 
with silica-carbonate rocks in the California Coast Ranges and with quartz-magnesite rocks of 
New Zealand. 


PLEISTOCENE VOLCANIC MUDFLOW IN THE COPPER RIVER BASIN, ALASKA 


Oscar J. Ferrians, Jr., Donald R. Nichols, and Henry R. Schmoll 
U. S. Geological Survey, Washington, D. C. 


A distinctive semiconsolidated deposit of volcanic debris is exposed discontinuously in blufis 
for 45 miles along the Copper River and its eastern tributary, the Sanford River, which heads in 
the glacier-clad, volcanic Wrangell Mountains. Erosion has removed the deposit along extensive 
stretches of the rivers. 

The deposit, ranging in thickness from a few inches to 20 feet, consists chiefly of unsorted, un- 
stratified, subangular to angular andesite boulders, cobbles, and pebbles, in a pink, ash-rich, silty- 
sand matrix; locally stratified zones are present. The deposit occurs within a thick section of Pleisto- 
cene lacustrine, fluvial, and glacial sediments, conformably overlies fluvial sand and gravel, and 
unconformably underlies fluvial gravel. The basal contact of the deposit nearly parallels the present 
gradients of the Sanford River and the Copper River. 

Distribution, character, and stratigraphic relations of the deposit indicate that it originated as 
a volcanic mudflow from the Wrangell Mountains. A violent volcanic eruption probably initiated 
the mudflow by melting snow and ice to supply the large quantity of water necessary to transport 
the volcanic debris. The fluid, debris-laden mass flowed rapidly down the ancestral Sanford River 
and then southward down the Copper River at least as far as the present Tazlina River—approxi- 
mately 65 miles. 

The deposit stratigraphically underlies sediments deposited during at least two major glaciations. 
Stratigraphic position and radiocarbon dating indicate a Wisconsin age for the more recent glacia- 
tion. Thus the underlying volcanic mudflow is pre-Wisconsin. 


MORINITE-APATITE-WHITLOCKITE 


D. Jerome Fisher 
University of Chicago, Chicago, Ill. 


The rare pegmatite phosphate morinite obtained by Professor Runner in the Black Hills has 
been analyzed; its composition is very close to that of the Finnish morinite (Am. Mineral., v. 43, 
p. 591, 1958). Thermal studies on the Black Hills morinite show that on heating in air it retains 
most of its (10% of) H:O up to nearly 400°C. At about this temperature it inverts to an apatite 
structure carrying 7.9% Na,O and 26% Al.0;. This structure is stable to slightly above 800°C., 
when a whitlockite structure forms; at around 900°C. corundum starts to exsolve from this. When 
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heated in a “‘vacuum”’ less conclusive results were obtained, since the material seemed to pick up 
even traces of oxygen with great avidity. Nevertheless at 450° (+30°) an apatite structure formed, 
and around 800°C. the material was partly converted to chiolite. All the above results were derived 
from heating runs of 20 hours or longer; differential thermal analysis curves were also obtained. 


PLEISTOCENE CLIMATES IN EASTERN AND SOUTHERN AFRICA 


Richard Foster Flint 
Department of Geology, Yale University, New Haven, Conn. 


Evidence of former Pleistocene climates in the southern half of Africa consists mainly of features 
that are no longer forming actively in some particular area, but that are forming elsewhere under 
different climatic conditions. Many of them are considered as indicative of climates different from 
those now prevailing. Other lines of evidence are biogeographic, consisting of anomalies in the 
distribution of living organisms, which seem explicable only on the assumption of climatic change. 
Most of the evidence pertains to changes in rainfall, but some of it suggests former climates cooler 
than those of today, by as much as 5°C. 

The terms pluvial and nonpluvial are discussed, and the climatic system that operates today 
over the subcontinent is briefly described, together with the kind of change in the atmospheric 
circulation pattern that would seem to meet the evidence. Further collection and refinement of 
field data are considered essential to the provision of controls before deduction from climatic theory 
can be wholly successful. 


NEW MISSISSIPPIAN BELEMNOIDS 


Rousseau H. Flower and Mackenzie Gordon, Jr. 
New Mexico Bureau of Mines, Socorro, N. M.; U.S. Geological Survey, Washington, D. C. 


New Mississippian belemnoids consist of a phragmocone from the Chester of Alabama attributed 
to Eobelemnites, and more complete material from the Fayetteville shale of Arkansas and the Chain- 
man shale of Utah, comprising three new genera and five new species, one of which is represented 
by about 250 fragments from a single locality. 

Thin sections, possible for only one species, show a homogeneous fibrous rostrum, a very thin 
conotheca with poorly differentiated layers, phragmocones well calcified adorally but poorly calcified 
and invariably crushed apically. The protoconch is not clearly differentiated. Variations of the 
apex parallel those attending development and loss of the epirostrum, but no epirostra are known 
in this form. 

Phragmocones are so similar to those attributed to late Paleozoic bactritids that they would 
have been described as such were it not for the attached rostra. The implication is strong that some 
so-called bactritids, in particular the Parabactritidae, may be based upon exfoliated belemnoid 
phragmocones. 

Diversity of form and structure indicate that these late Mississippian shells are not particularly 
close to the origin of the belemnoids, and earlier forms must be sought in older strata, as indicated 
long ago by de Koninck. 


GROUND-WATER GEOLOGY AND LEGAL CONTROL OF WATER IN SOUTHWESTERN 
KANSAS 


Frank C. Foley 
Kansas Geological Survey, Lawrence, Kans. 


Aquifers in the Pliocene Ogallala and Pleistocene deposits of southwestern Kansas provide ground 
water for irrigation that has increased more than 1000 per cent since 1940, and for municipal, do- 


MEETING IN ST. LOUIS 1565 


mestic, and industrial use. Water is being mined in much of the area. At least two hydraulic systems 
have developed in part of the area where in 1940 there was apparently only one. A detailed restudy 
shows that relatively impermeable beds in both the Ogallala and the Pleistocene are critical in 
the movement, recharge, and utilization of ground water. Administrative agencies in Kansas are 
looking to the detailed geologic and hydrologic study to subdivide the area into geologically and 
hydrologically similar units in which ground-water use can eventually be regulated under the Kansas 
appropriation doctrine. 


NEW EXPOSURE OF THE BURIED “SIDNEY-TYPE” SOIL ALONG UPPER 
BRUSH CREEK, OHIO 


Jane L. Forsyth 
Ohio Geological Survey, Orton Hall, Ohio State University, Columbus, Ohio 


A buried soil, very much like the buried soil in the Sidney cut, is now exposed in the banks of upper 
Brush Creek in western Ohio, near Kirkwood and 2 miles southeast of the Sidney cut. Two tills are 
present, overlain by discontinuous alluvial gravel and separated in most places by leached, poorly 
sorted alluvial materials capped locally by a few inches of peat. The buried soil is developed in the 
top of the lower till where the intervening alluvial materials are absent. 

By correlation with the Sidney cut, the upper and lower tills are tentatively assigned, respectively, 
to the “late” and “early”? Wisconsin substages as defined in Ohio; the alluvial materials thus represent 
deposits accumulated at the time when the buried soil was being formed. Wood from near the base of 
the upper till has been dated at 22,000 + 1000 years B.P. (W-414). The peat has been dated at 
greater than 37,000 years B.P. (W-415), but it is currently being rerun in the hope of obtaining an 
actual date. 


CONSTITUENTS AND STRUCTURAL ARRANGEMENT IN OSTRACODE CARAPACES 


G. Lloyd Foster and Richard H. Benson 
Humble Oil & Refining Co., 612 Barfield Building, Amarillo, Texas; Depariment of Geology, University 
of Kansas, Lawrence, Kans. 


The valves of ostracodes representing 10 genera were analyzed and sectioned to determine whether 
there is correlation between the composition of the carapace material and the environmental, strati- 
graphic, morphologic, or taxonomic occurrence of the ostracodes. The ostracode samples were chosen 
to represent (1) selected environments from a wide stratigraphic range; (2) a diversity of environments 
throughout each of selected stratigraphic ranges; and (3) wide morphologic variations within the 
order Ostracoda. 

Techniques for the preparation and study of minute amounts of carapace material were developed. 
Electron microscopy, microanalysis, X-ray powder diffraction, spectrographic analysis, and examina- 
tion of sagittal thin sections under high magnifications were used in the study of the constituents and 
their structural arrangement in the carapaces. 

Calcite is the major constituent in all samples investigated and is the only form of calcium car- 
bonate present. The calcite is prismatic in habit and oriented with the c axis always normal to the 
carapace surface. Chitin is present in either of two basic structural patterns: (1) as continuous, un- 
interrupted thick ‘walls’ that either border or include the main body of calcite; or (2) as multiple, 
bifurcating layers that enclose lenses of normally oriented calcite prisms. Taxonomic, morphologic, 
and ecologic implications of these constructions are considered. 

Microanalytical data indicate that chitin loses its identity probably within 5000 to 15,000 years 
after its deposition, but carbonaceous residues may indicate the originally chitinous structures. 
Filling of the carapaces appears to begin with ingrowing crystals that are probably seeded by the 
normally oriented primary calcite of the carapace. 
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COMPLEXITY AND SIGNIFICANCE OF VOLCANIC ASH DEPOSITS FROM MT. FUJI, 
JAPAN 


Helen L. Foster 
U. S. Geological Survey, Washington, D. C. 


Deposits of basaltic ash from the volcano, Mt. Fuji, Japan, cover an area of more than 150 square 
miles mostly west, northwest, and southwest of the mountain. The material is commonly called Kanto 
loam because it surfaces much of the Kanto plain, the alluvial plain on which Tokyo is located. Be- 
cause Kanto loam includes material from volcanoes other than Fuji, the term Fuji ash is used here 
for deposits derived only from Mt. Fuji. 

Fuji ash deposits range in age from 250 to more than 35,000 years. Younger deposits include 
comparatively fresh hard scoria interbedded in fine-yellow-brown, clayey ash. Some older deposits 
have the structure of the scoria preserved, but the material is soft and clayey. Marker beds are 
scarce, and individual scoria and ash beds are rarely traceable for any distance. Most of the material 
was deposited directly from the air, but minor amounts have been reworked. In Tokyo, 60 miles 
from the source, some deposits are 12 feet thick. 

Fuji ash deposits can be correlated to some extent with stream terraces, the appearance of early 
man in the Tokyo area, the development of the soil type known as the Ando loam, and with eruptions 
of other volcanoes such as Hakone. Further study is recommended to provide a basis for late Pleisto- 
cene and Recent chronology and to give information on rates of soil formation, development of clays, 
cutting by rivers, and local uplift. 


GEOLOGY OF PEIXOTO DAM, RIO GRANDE, BRAZIL 


Portiand P. Fox 
500 Hiwassee St. N.E., Cleveland, Tenn. 


Peixoto Dam, a hydroelectric project of an ultimate capacity of 400,000 KVA, is located on the Rio 
Grande in the southwestern portion of the state of Minas Gerais, Brazil. The bedrock of the area 
consists of highly folded quartzite, quartz schist, and sericite schist of the Precambrian Series de 
Minas. The dips of the strata are near vertical, and the strike normal to the dam axis. Core drilling 
of the site was extremely expensive and difficult because of the great hardness and broken condition 
of the quartzite. Differential weathering and erosion of the quartzite and schists presented problems 
in design and construction. One large, unlined diversion tunnel served during the dry season, but 
would not have stood up without lining for a longer period. Erosion below the spillway in fractured 
and weathered quartzite and quartz schist has been a problem since completion. Quartzite from a 
near-by source made a suitable aggregate. No other rock type was readily available for aggregate. 
Grout quantities were small for this size project. 


MAGNETIC DATA AND PETROGRAPHIC ANALYSES OF PRECAMBRIAN ROCKS OF 
MISSOURI 


Albert J. Frank ; 
Institute of Technology, Saint Louis University, St. Louis, Mo. 


Areas near Sullivan, Irondale, Shirley, Cedar Creek, and Mine LaMotte have been mapped mag- 
netically. Basement-rock cores obtained from each area have been used to determine magnetic sus- 
ceptibilities and remanent magnetization. Thin sections made of each core were studied petrographi- 
cally. At Sullivan, where a high positive anomaly exists, the metamorphosed Precambrian granite has 
a high susceptibility and a high remanent magnetization caused by small grains of magnetite (ca. 
5%) with a little hematite. At Shirley and Cedar Creek the rhyolite porphyries have low suscepti- 
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bilities and negligible remanent magnetization because of the presence at Shirley of a few large 
particles of specular hematite and at Cedar Creek of a few small grains of hematite. At Irondale 
the high susceptibility and low remanent magnetization are due to the presence of finely divided 
hematite in the altered rhyolite porphyry. At Mine LaMotte the granites show medium-high sus- 
ceptibility and medium-high remanent magnetization because of medium- or coarse-grained hema- 
tite and small masked grains of magnetite. Thus high susceptibility and high remanent magnetization 
indicate the presence of magnetite. High susceptibility and low remanent magnetization indicate 
hematite. In addition the abnormal susceptibilities of the cores from Sullivan and Irondale indicate 
iron mineralization which is also indicated by the magnetic anomalies present and shown in thin 
sections of the cores. 


CINCINNATI ARCH: POSSIBLE SOURCE FOR SOME MIDDLE PENNSYLVANIAN 
CHANNEL SANDSTONES IN INDIANA* 


S. A. Friedman 
Indiana Geological Survey, Bloomington, Ind. 


Channel sandstones are known to occur at 30 localities in western Indiana in the Brazil, Staunton, 
Linton, Petersburg, and Dugger formations of middle Pennsylvanian age. They average 40 feet thick, 
3 miles long, and a quarter of a mile wide at the top and trend downdip toward the southwest. Near 
Terre Haute, the 2 most extensive channel sandstones are 7 miles long and broaden downdip from 
700 feet wide at the outcrop to 5000 feet in the subsurface. The thickest sandstone thus far found 
thickens southwestward (downdip) from 40 feet along the outcrop to 90 feet in the subsurface. These 
facts show that the channel sandstones are progressively narrower and thinner updip and suggest 
that they did not extend more than a projected 25 miles farther northeastward. 

The principal bedrock valley of the late Tertiary Teays drainage system, which headed in the 
Appalachian area, ranges from 2 to 4 miles wide at the base and 4 to 8 miles wide at the top across 
north-central Indiana (Wayne, 1956). The channel sandstone valleys probably do not exceed about 1 
mile in width at the top, however, and, unlike the Teays Valley, they probably did not extend to a 
source in the Appalachian area. Instead the periodic lowering of sea level during middle Pennsy]- 
vanian time probably resulted in exposure of the Cincinnati ‘Arch, thus permitting valley cutting 
and sandstone filling. 


GEOCHEMICAL ENRICHMENT OF STRONTIUM IN MINERALS OF THE ALUNITE 
STRUCTURE TYPE 


Clifford Frondel 
Harvard University, 12 Geological Museum, Oxford St., Cambridge, Mass. 


New analytical data reveal that minerals of the alunite structure type are geochemical hosts for Sr 
in the zone of weathering, the deeper ground-water circulation, and hypogene hydrothermal environ 
ments. The Sr is housed in the 12-coordinated A positions of the structure. When not an essential 
constituent as in goyazite and svanbergite, Sr is usually present in the range 0.1 to 3 weight per cent 
Sr0. 

Residual deposits of crandallite formed by weathering of marine phosphorites, as in Senegal and 
Florida, are the surface analogue of crandallite deposits of the Fairfield type formed in the deeper 
ground-water circulation. Both types show enrichment of Sr in alunite-type minerals over the as- 
sociated minerals and probably also over the parent phosphate rock. Goyazite is abundant at Fairfield 
and also occurs in the zone of weathering. Crandallite, hinsdalite, natroalunite, and alunite are hosts 


* Published with permission of the State Geologist, Indiana Department of Conservation, Geo- 
logical Survey. 
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for Sr in hypogene hydrothermal environments. Relatively large amounts of SrO, usually 0.1 to 1.0 
per cent, occur in alunite formed by the hydrothermal alteration of aluminous and potassic igneous 
rocks, from which the Sr probably was derived. Relatively small amounts of Sr, usually less than 
0.01 per cent, occur in jarosite and other members of the structure type when formed in the oxidized 
zone of ore deposits. 

Analyses of co-existing phases indicate that Sr is preferentially housed in alunite-type minerals 
over apatite, calcite, and anhydrite. In its crystallochemical relations to Ca, Sr shows a marked 
preference for structures in which the co-ordination number of the Ca is greater than six. 


ALEXANDER WINCHELL’S TYPES OF MICHIGAN DEVONIAN STROMATOPOROIDEA 


J. J. Galloway and G. M. Ehlers 
Indiana University, Bloomington, Ind.; University of Michigan, Ann Arbor, Mich. 


Alexander Winchell’s types of four new species of stromatoporoids from the Traverse group of 
Michigan were described in 1866 from external characters, but were not figured, and the internal 
characters have been unknown. In 1867, Winchell erected the family Stromatoporidae and described 
the new genera Jdiostroma and Coenostroma. The genus /diostroma has been recognized by subse- 
quent authors and has become the type of the family Idiostromatidae, on the basis of its caespitose 
or ramose form. Winchell’s species were the first stromatoporoids described from the Devonian of 
North America and are therefore important. Winchell’s original types were preserved in the Hood 
Museum of Natural History at Alma College, Alma, Michigan. 

Idiostroma is a valid genus; fortunately its characters have been known from a similar species, /. 
roemeri Nicholson, from the Middle Devonian of Germany, also occurring in the Winchell material. 
One of Winchell’s syntypes is a Dendrostroma. The genus Coenostroma, erected on the invalid basis of 
the possession of mamelons and astrorhizae, is a typical species of Stromatopora Goldfuss, 1826. The 
name Coenostroma pustuliferum (Winchell), 1866 (pustulosum, in error, 1867), reverts to the name 
Stromatopora pustulifera Winchell, 1866. The name Coenostroma monticuliferum reverts to Stromatopora 
monticulifera. One of the syntypes is a new species of Trupetostroma. Stromatopora nux, of which 
there are 13 syntypes, are contemporaneous pebbles formed by wave action in the reef at Petoskey, 
which explains their nutlike shape. They are typical examples of the genus Trupetostroma; the name 
therefore becomes Trupetostroma nux (Winchell). 


CLIMATIC SIGNIFICANCE OF ANASTOMOSING CHANNEL PATTERNS TYPIFIED BY 
RIO CARONI, VENEZUELA 


H. F. Garner 
Department of Geology, University of Arkansas, Fayetteville, Ark. 


The Rio Caroni, flowing north on the Venezuelan Shield, has anastomosing channels divergent 
around bedrock obstructions comparable in form and magnitude to those of the Washington scabland. 
Semiparallel channels, some in networks more than 30 miles wide, simultaneously discharge through 
watergaps at different elevations and carry coarse clastics derived from terrestrial arid-climate residual 
deposits. Numerous waterfalls and rapids occur where channels drop over scarps of mesas and cuestas 
and elongate lakes develop upstream of topographic barriers and in depressions at bases of pediment 
slopes. 

The Caroni channel systems result from humid climate runoff moving across terrain developed 
under arid conditions. Recent climatically augmented runoff outstripped erosiona] adjustment 
causing climatic flooding of which one expression is the oversize misfit stream with anastomosing chan- 
nels. The complex channel systems, unstable under conditions of humid fluvial erosion, are evolving 
into a simple trunk stream-tributary system through downcutting and channel piracy. 

Channel patterns comparable in form and stage of development to those of the Caroni are char- 
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acteristic throughout Venezuelan-Brazilian and Canadian Shield drainage. Canadian rivers differ 
only in that terrain drained is glacial rather than arid. Neither shield possessed a well-developed 
exterior drainage system prior to present humidity. Similarly slight channel incision into resistant 
shield country rock and comparable stages of channel pattern adjustment demonstrate Canadian 
deglaciation was progressing during an arid-to-humid climate change in eastern South America. 
Climate moisture extremes with geographic distributions differing from the present are therefore 
indicated during late Pleistocene time. 


STABILITY OF SOME CARBONATES IN AQUEOUS SOLUTION 


R. M. Garrels and R. Siever 
Harvard University, Cambridge, Mass. 


Using the .ree energy of formation of a carbonate mineral, the equilibrium constants for the reac~ 
tions of the CO2-H,O system, arbitrarily fixed Pgo,, and stoichiometric equations for mass and electri- 
cal balance, the equilibrium pH of an aqueous solution of the mineral can be calculated. In the same 
way, by measuring the equilibrium pH in the laboratory, one can work back and calculate the free 
energy of formation. This has permitted the rapid and relatively simple determination of the free 
energies of formation of a number of carbonate minerals (calcite, aragonite, dolomite, magnesite, 
rhodochrosite, and kutnahorite). Some of the free-energy values are already known accurately from 
calorimetric data and serve as a check on the method. 

Laboratory measurements were made with an automatic recording pH meter, sensitive to 0.01 pH 
units, at one atmosphere Pgo,. The gradual change of pH values, caused by the moderately slow rate 
of solution of the solid, was plotted against the reciprocal of the square root of time (in minutes), 
and extrapolations were made to infinite time to get the true equilibrium value. A check on the vari- 
ance between several different operators’ extrapolations showed no significant differences between 
operators (agreements were within 0.002 pH units). 

Typical results are as follows: 


This work Bureau of Standards 
AFf? (25° C., 1 atm.) AFf?® (25°C., 1 atm.) 
Calcite — 269.72 kcal. : — 269.78 kcal. 
Aragonite — 269.49 — 269.53 
Magnesite — 246.43 — 246. 
Rhodochrosite — 195.40 — 195.4 


PRECAMBRIAN FRAMEWORK OF NORTH AMERICA 


Gordon Gastil 
Department of Geology, University of California at Los Angeles, Calif. 


The number of physcial age determinations which date times of Precambrian orogenic cooling, 
while constituting a fragmentary sample for the earthasa whole, suggest distinct intervals of worldwide 
orogenic activity. These intervals appear to have terminated at dates grouped about —2600 m.y., 
—1750 m.y., —1350 m.y., —1000 m.y., and —550 m.y. The distribution of similar dates for North 
America only shows groupings around —2600 m.y., —1750 m.y., —1350 m.y., and —1000 m.y., with 
a few dates around — 2150 m.y., and —550 m.y. A cyclic interval of 350 to 450 million years between 
orogenic culminations seems to be suggested, possibly making feasible a subdivision of the Precam- 
brian into corresponding eras. 

Plotting these North American dates areally places the — 2600 m.y. group in the central! portion of 
the continental landmass, with progressively younger dates distributed in peripheral belts toward 
the present continental margins. The trends of “age belts” are in fair agreement with the field rela- 
tionships of exposed Precambrian rocks. There is considerable overlap of younger orogenic belts onto 
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older ones, and the continent appears to have had at least its present width for at least 1000 million 
years. 

The author believes the concurrent speculation on the origin and development of continents is one 
prerequisite to the intelligent selection and pursuit of Precambrian dating projects. 


PETROLOGY OF A MAGMATIC GRANITE 


Robert M. Gates and Paul E. Scheerer 
Dept. of Geology, Univ. of Wisconsin, Science Hall, Madison, Wis. 


The Nonewaug granite in the Western Connecticut Highlands is a discordant, lenticular body 9 
miles long and 3 miles wide. It is a post-tectonic intrusive in the metasediments of the Hartland 
formation which it clearly crosscuts and granitizes in part. The granite is characterized by (1) a fine- 
to coarse-grained textural layering (not foliated) roughly parallel to the borders; (2) large to small 
graphic granite crystals in a fine- to coarse-grained matrix; and (3) plumose muscovite-quartz inter- 
growths. The granite is considered to be emplaced in a liquid or crystal-mush state and to have crys- 
tallized in place, probably accompanied by slight movement. 

Although an ideal granite in composition, the Nonewaug has intermineral textural features at 
variance with those anticipated from phase diagrams for the crystallization of a granite magma. The 
microtextural features are the same in the fine- and coarse-grained layers of the granite body. Using 
standard criteria for replacement, the following replacement reactions are recognized: (1) quartz 
replaces microcline and albite, (2) albite replaces microcline, and (3) muscovite replaces microcline 
and albite. Two generations of each of the above four minerals can be distinguished. Most replacement 
reactions occur between a first- and second-generation mineral or between two second-generation 
minerals. A replacement origin is suggested for graphic granite and for the plumose muscovite- 
quartz intergrowths. The textural layering and the intermineral textures are explained by mild 
structural deformation affecting the granite in the crystal-mush state. 


SYNTECTONIC AMPHIBOLITES 


Robert M. Gates and Robert M. Sneider 
Geology Dept., Univ. of Wisconsin, Science Hall, Madison, Wis. 


Large to small lenticular bodies of amphibolite (Mt. Tom hornblende gneiss) are irregularly dis- 
tributed in the metasedimentary Hartland formation in the Western Connecticut Highlands. The 
amphibolite bodies and their host rocks were studied in the field and laboratory to determine the 
nature of the amphibolite and the features related to the time and location of emplacement. The dis- 
tribution of amphibolite bodies has an empirical relation, in part, to late flexures in the isoclinally 
folded mica quartzites and schists of the Hartland formation. 

The writers conclude that the amphibolite bodies were sills and dikes of gabbroic to dioritic com- 
position intruded in a terrane undergoing regional deformation and metamorphism. The time and 
place of emplacement determine the texture and, to a lesser extent, the mineralogy of the body. In 
general, bodies emplaced late in the period of deformation or in areas of low stress exhibit more 
nearly igneous textures, whereas those emplaced early in the tectonic cycle or in areas of high stress 
show typical amphibolite texture. The essential minerals in both cases are hornblende and andesine 
with minor quartz, sphene, and zoisite. Contact-thermal metamorphism develops large porphyro- 
blasts in Hartland rocks of favorable composition. Hybrid rock types occur in some contact zones. 


CADMIUM-DOLOMITE AND THE SYSTEM CdCO;-MgCO; 


Julian R. Goldsmith 
University of Chicago, Chicago, Ill. 


The binary join CdCO;-MgCO; has been investigated in the temperature range 400°C. to 850°C. 
and at 10 kilobars total pressure, as an aid in understanding the CaCO:-MgCO; system, and in par- 
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ticular the thermal behavior of dolomite. Equilibrium solid-state reaction between CdCO; and MgCO; 
occurs readily, in the presence of Li,CO; as a flux, at temperatures down to approximately 400°C. 

The compound CdMg(COs3)2, or cadmium dolomite, is produced in the central region of the system. 
The large difference in X-ray scattering factors of Cd and Mg makes the X-ray reflections that 
result from the ordering of these cation layers relatively strong, and the relation of degree of order 
to temperature is easily observed in powder-diffraction patterns. CdMg(COs)2 undergoes a reversible 
disordering-transformation beginning at approximately 700°C. and complete (to the calcite-type 
structure) at approximately 825°C. Complete solid solubility exists in the system at temperatures 
above 850°C., and exsolution curves are delineated on either side of the Cd-dolomite composition. 
In the Mg-rich side of the system the two-phase region rises to 850°C. at approximately Cd;Mg;, and 
in the Cd-rich side to 685° at approximately CdsMg.. 

The composition-temperature region in which cation order exists is defined; for example, at 700°C. 
some order is still observed in Cd-dolomite with 10 per cent excess CdCO3. This system seems to be 
an excellent model of the CaCO;-MgCO; system. 


CARBONIFEROUS AMMONOIDS FROM CALIFORNIA 


Mackenzie Gordon, Jr. 
U.S. Geological Survey, Washington, D. C. 


Late Mississippian and Middle Pennsylvanian goniatites occur in Inyo and San Bernardino coun- 
ties, southeastern California. The widespread Eumorphoceras bisulcatum zone of Late Mississippian 
age is represented in the Chainman shale of the Inyo Range, near the Cerro Gordo mine, by Craveno 
ceras hesperium Miller and Furnish, Cravenoceratoides sp., Eumorphoceras bisulcatum Girty, and a 
new genus and species related to “Paraprolecanites.” The same zone occurs in the northern part 
of the Panamint Range in the vicinity of Rest Spring, where the uppermost 5 feet of the Perdido 
formation contains Cravenoceras hesperium Miller and Furnish, and new species of Cravenoceras, 
Owenoceras?, Eumorphoceras, Anthracoceras, and Delepinoceras. Elsewhere the E. bisulcatum zone has 
been identified in the upper part of the Diamond Peak formation in east-central Nevada, in the upper 
part of the Chainman shale in eastern Nevada and western Utah, in the Manning Canyon shale in 
central Utah, in the upper part of the Caney shale of Oklaioma, and in the Pitkin limestone of 
Arkansas. 

A float block of limestone from the Providence Mountains, San Bernardino County, bears the im- 
print of Paralegoceras cf. P. tecanum (Shumard), which indicates early Middle Pennsylvanian (Atoka) 
age for the source rock. The Tihvipah limestone in the Rest Spring area has yielded Pronorites 
(Stenopronorites) sp. at one locality and Bisatoceras cf. B. greenei Miller and Owen at another. B. 
greenei is a Des Moines species described originally from Missouri. The California specimen of 
Bisatoceras occurs stratigraphically above fusulinids of late Atoka or early Des Moines age. 


PRELIMINARY REPORT ON SHELF AND SLOPE SEDIMENTS FROM CAPE 
HATTERAS, NORTH CAROLINA, TO JUPITER INLET, FLORIDA 


Donn S. Gorsline 
Oceanographic Institute, Florida State University, Tallahassee, Fla. 


During 1953-1954, the THEoporE N. G11, research vessel of the U. S. Fish and Wildlife Service, 
made a series of nine cruises over the shelf and slope from Cape Hatteras, North Carolina, to Jupiter 
Inlet, Florida. A total of 246 sediment samples were collected at 89 stations in addition to ocean- 
ographic and biologic data. 

The sediment samples indicate that the shelf, slope, and deep plain can be subdivided into several 
broadly defined sediment regions on the basis of textural and compositional criteria: (1) inner shelf, 
(2) main shelf, (3) upper slope, (4) Gulf Stream axis zone, and (5) outer slope and deep plain. 

Coarse-grained sediments of varied composition are typical of the shelf areas; fine-grained sedi- 
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ments are predominant on the upper slope and in the deep plain. Coarse coral gravels are widespread 
over the sea floor below the axis of the Gulf Stream. Broadly outlined are zones of calcareous sedi- 
ments on the southern shelves, Gulf Stream axis zone, and the outer portions of the northern shelf. 
Detrital sediments are most typically found in the northern inner shelf and on the slopes. Brown 
foraminiferal muds and clay make up the sediment cover of the deep plain. Organic content generally 
is related to grain size; largest contents occur in the fine sediments. 


QUANTIFICATION OF THE PLAN PROFILE IN LANDSCAPE CLASSIFICATION 


Warren E. Grabau 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, Miss. 


A relatively simple, quantitative scheme for describing the three-dimensional geometry of a topo- 
graphic surface would provide important benefits for landscape analyses of all types. Such a scheme 
should be derived by entirely objective means, so that no element of subjective judgment would be 
required at any point in the derivation. The method proposed in this paper involves local relief, 
characteristic slope, a slope-occurrence parameter, and four new parameters that provide measures 
of both plan arrangement and profile type of topographic features as continuous functions. These 
are called profile area (which is analogous to the ypsometric integral), a diagrammatic slope derived 
from a profile diagram, an orientation index, and a parallelism index. Each is derived by relatively 
simple sampling methods. Together they differentiate at least 24 combinations of plan and profile. 


MIXED-LAYER COMPUTATIONS USING ILLIAC: THE THREE-LAYER CASE 


Donald L. Graf, Colin R. Blyth, and Rosemarie S. Stemmler 
Illinois Geological Survey, Urbana, IIll.; Dept. of Mathematics, University of Illinois, Urbana, III.; 
Illinois Geological Survey, Urbana, Til. 


The three-layer case of the most general Hendricks and Teller equation has been programmed for 
the University of Illinois computer, Illiac. The program is generally applicable to mixtures of three 
kinds of layers of differing thickness and differing scattering power for X rays. Not only the abundance 
of the several kinds of layers in the crystal, but also the frequencies of their associations with various 
combinations of nearest-neighbor layers may be varied. 

Those basal planes in dolomite populated by carbonate ions would, in a hypothetical mixed- 
layered material, have four possible combinations of nearest-neighbor cation planes: Ca—CO;—Ca, 
Mg—CO;—Mg, Ca—CO;—Mg, and Mg—CO;—Ca. By assuming that the frequencies with which 
the last two combinations occur are equal, it is possible to treat the problem as a three-layer case. 
Computed intensity distribution of basal reflections are compared with those observed in single- 
crystal X-ray photographs of natural dolomites. 


RECENT FORAMINIFERA FROM THE PUERTO GALERA AREA, NORTHERN 
MINDORO, PHILIPPINE ISLANDS 


Joseph J. Graham and Priscilla J. Militante 
Stanford University, Calif.; University of the Philippines, Manila, P. I. 


Foraminiferal assemblages from Recent shallow-water deposits (shore to 20 fathoms) were col- 
lected along the northern coast of the island of Mindoro in the north-central Philippines as part of 
the long-range project of the University of the Philippines Biological Station to determine the general 
character of various microfaunas and to ascertain which factors control their distribution in this part 
of the Pacific Basin. 
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From 60 stations (bay, cove, channel, and beach localities) were obtained 264 species and varieties, 
representing 123 genera in 22 calcareous and 11 arenaceous families. Among the calcareous Foraminif- 
era, the Miliolidae show the largest number of species and varieties (75), followed by the Rotaliidae 
and Buliminidae, each with 34, and by the arenaceous and agglutinated Textulariidae with 11 species 
and varieties. Ninety-six per cent of the fauna is benthonic, and only 4 per cent planktonic. 

Temperature, salinity, and depth of water have little or no influence on the distribution of the 
fauna. Of more importance, at least for the accumulation of tests, seems to be the nature of bottom 
sediments; the silts and very fine sands have a markedly richer population per species than the 
coarser sediments. 


EXAMPLE OF DIOPSIDE AMPHIBOLITE WEATHERING NEAR ATLANTA, 
GEORGIA 


Willard H. Grant 
Department of Geology, Emory University, Ga. 


The weathering of diopside amphibolite is divided into three distinct areas. The first, with a pH 
of 7 or more depending on the minerals and amount of percolating water, is associated with fresh rock 
or rock in the incipient phases of decomposition. Plagioclase, the first mineral to alter, forms a mixture 
of halloysite and gibbsite. It is followed by diopside which yields a goethite residue. Hornblende, the 
slowest to yield to weathering reagents, produces a mixture of halloysite and goethite. 

The second area which is generally above the first but not infrequently under it, is the saprolite. 
Its pH ranges from 5 to 6. The stable minerals are halloysite, gibbsite, goethite, and wad. Wad ap- 
pears only in the saprolite area as black patches. The manganese is probably derived from horn- 
blende. From the fresh rock to the saprolite the rock density drops from 3.0 to 1 3 representing a loss 
of 57 per cent. 

The third area, which is the surface soil, is mixed with organic matter. The pH may be less than 5. 
Here, iron and alumina can be remobilized and percolate downward having two effects: the enrich- 
ment of iron in the B-soil horizon and the formation of ened veins of well-crystallized halloysite 
and goethite-gibbsite-halloysite in the saprolite zone. 

The pH of rain water appears to have little effect on the zones. However, an excess of rain will 
cause a narrowing of the pH range by carrying away the soluble products as fast as they form. 


KINETICS OF HYDROTHERMAL REACTIONS. I. REACTION BETWEEN 
SILICA AND CALCIUM HYDROXIDE 


Sidney A. Greenberg 
Seton Hall University, South Orange, N. J. 


Some of the most interesting reactions in geochemistry are those between silica and water, and 
solutions of the alkali and alkaline-earth hydroxides. In the present study the rate of reaction be- 
tween silica and calcium hydroxide solutions was followed by determining the concentrations of the 
calcium and hydroxide ions periodically. In previous studies it was shown that silica dissolves in 
water to form monosilicic acid at a rate proportional to the surface area of the silica and the con- 
centration of monosilicic in solution. However, in alkaline solutions the rate is dependent upon the 
surface area alone. Reactions with calcium hydroxide follow a somewhat different course because the 
product of the reaction is the slightly soluble calcium silicate hydrate. In this case, the silica dis- 
solves at a rate proportional to its surface area, and then the monosilicic acid reacts immediately 
with the calcium hydroxide in solution. Nuclei of the product form and grow until the product pre- 
cipitates. 
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CLAY-MINERAL COMPOSITION OF SEDIMENTS OF THE MISSISSIPPI 
RIVER AND MAJOR TRIBUTARIES 


John J. Griffin and Wm. D. Johns 
Dept. of Geology and Geological Engineering, Washington University, St. Louis, Mo. 


The clay-mineral distribution in suspended sediment and bed material from 30 sample locations 
on the Mississippi River and 12 major tributaries was studied by X-ray diffraction techniques. 

Sediments from the two source areas, which are most important in terms of sediment contribution, 
show contrasting mineralogy. Mississippi River-Missouri River sediments are dominantly mont- 
morillonitic; the Ohio River sediments are illitic and chloritic. 

In spite of significant variation in clay-minera] contribution from various tributaries, the volu- 
metrically greater contribution of western tributaries above Cairo, Illinois, obscures these differences 
once mixing has occurred. 

Clay minerals contributed to rivers of the Mississippi River basin are already in a degraded state 
and undergo further degradation downstream as evidenced by progressive hydration of illite and 
chlorite. An increase in montmorillonite content downstream is commensurate with the decrease in 
illite and chlorite. 

Three types of expandable material reach the Gulf of Mexico: (1) true montmorillonite, (2) de- 
graded illite, and (3) degraded chlorite. The observed formation of illite and chlorite upon contact 
with sea water is attributed to the regradation of these degraded micaceous components. 


RADIOACTIVE AGE DATING AND ITS PETROLOGIC IMPLICATIONS FOR 
SOME GEORGIA GRANITES 


Marc Grunenfelder and Leon T. Silver 
Division of Geological Sciences, California Institute of Technelogy, Pasadena, Calif. 


Age determinations by isotope-dilution methods on zircon concentrates from three samples of the 
Elberton granite and the Lithonia granite gneiss of the Georgia Piedmont yield nearly concordant 
ages of about 450 million years. 


Zircon concentrate from U288/Ph206 U235/Pb207 Pb207/Pb206 *Th%2/Pb205 
Elberton granite, Comolli Quarry 450 m.y. 455 m.y. 465 m.y. 375 m.y. 
Elberton granite, Saprolite 490 m.y. 480 m.y. 415 m.y. 380 m.y. 


Lithonia gneiss, Rock Chapel Quarry 485 m.y. 475 m.y. 425 m.y. 
* Thorium deter.ninations by X-ray fluorescence. 


These data are in contrast with K/A and Rb/Sr ages of 250-290 million years reported from the 
same rocks by previous workers. The apparent differences do not reflect analytical errors but rather 
two or more profound and distinct igneous or metamorphic episodes in the histories of these granite 
masses, thereby posing some fundamental petrologic problems. The older ages indicate a late Cam- 
brian (?) plutonic episode which has not been recognized in this region previously. 

The homogeneous, weakly foliated Elberton granite which shows classic evidence for a mobile 
magmatic history shares several striking mineralogical and petrographical similarities with the 
heterogeneous, highly contorted and injected Lithonia gneiss which has been described as a grani- 
tized mass. Texture, feldspar composition, and a striking hypogene alteration of accessory allanite 
reflect a compound history in each rock. These results indicate the necessity of age determinations 
by several independent methods on appropriate minerals in their petrologic context for understanding 
the relation between “absolute” radioactive ages and the genesis and history of a granite. 
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ACTION OF CRUDE OILS ON URANYL SOLUTIONS 


John W. Gruner 
Dept. of Geology and Mineralogy, University of Minnesota, Minneapolis, Minn. 


The discovery in 1955 of very large uranium deposits in the San Juan Basin north of Grants, New 
Mexico, shows that organic matter in the form of dried “dead” oil which surrounds the sand grains 
was instrumental in precipitating vast amounts of reduced uranium compounds. 

A number of experiments with crude oils and ‘“‘dried’’ crude oils show conclusively that uranium is 
easily precipitated at 120°-125°C. as uraninite if the pH of the aqueous solution in contact with the 
oil is below 8. When Ca-uranyl tricarbonate is reduced under these conditions, uraninite and calcite 
form a result similar to some natural occurrences. The temperature of 120°-125°C. was used to speed 
up the reaction which otherwise might have taken years. It is not known at present which con- 
stituents of the oils are most effective, but H2S could not be detected in the oils. Saturated hydro- 
carbons alone do not seem to reduce uranyl ions. 


PROBLEMS IN GEOLOGIC EDUCATION 


A. F. Hagner and D. M. Henderson 
Dept. of Geology, University of Illinois, Urbana, Til. 


The Geology Department of the University of Illinois has completed its second Summer Institute 
sponsored by the National Science Foundation. Since further institutes are not planned by the 
authors, we take this opportunity to sum up the interactions of 82 participants, visiting lecturers, 
and staff members to problems of geologic education. 

Many problems stem from the fact that geology is both a derivative science and a natural science 
in its own right. To handle it requires the ability to think in terms of several variables at once, to 
recognize problems and ways of dealing with them, and to appreciate the development and signifi- 
cance of hypotheses and the evidence upon which each rests. This calls for the use of judgment. 
To contribute to the advancement of geologic knowledge requires, in addition, creative ability. 

The nature of our science poses problems of student and teacher preparation. Problems imposed 
by society and our educational system have to do with enrollment and the diverse educational aims 
of the various colleges and universities. 

It was agreed that teachers should stimulate and guide the student in his own development, help 
him think and write critically and creatively, recognize problems and approaches to them, and ap- 
preciate the importance of facts and reasoning from facts. This can be accomplished by conceptual 
rather than merely informational instruction, by class discussions and reports, and by early research 
by capable students. The need to attract more of the better science students, and for a strong founda- 
tion in fundamental sciences was recognized. 


FOUNDATION REBOUND AT VIRGINIA POINT DAMSITE, MERCED RIVER, 
CALIFORNIA 


Bruce M. Hall 
Geology Section, Corps of Engineers, Sacramento District, Sacramento, Calif. 


The Corps of Engineers is currently investigating the engineering feasibility of a 600-foot high rock- 
fill dam for flood control and conservation storage on the Merced River, California. This river flows 
from The Sierran crest down the western slope of the Sierra Nevada to its confluence with the San 
Joaquin River. In the area of the proposed dam, the alignment of the river is structurally controlled 
both by faulting and by rock attitudes as expressed in the Mariposa formation of Jurassic age. In the 
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dam foundation the stratified metasediments and metavolcanic rocks strike northwest and dip very 
steeply to the northeast. Controlled by the rock strike, the river has excavated a V-shaped canyon 
more than 800 feet deep through the site area. In the abutments the individual strata have rebounded 
horizontally as the restriction of the surrounding rock was removed. This action may be likened to 
the lateral movement of the leaves of an opened book falling apart under the influence of gravity. 
Engineering-wise, the abutment foundations are adequate to support the proposed rock-fill structure. 
However, a feature of the rebounding has been the formation of open, continuous fractures parallel 
to the bedding throughout the abutment rock to depths in excess of 200 feet. Water-loss tests and 
bore-hole photography during foundation investigation have indicated that a careful grouting and 
drainage program will be necessary to attain structural stability and prevent excessive water losses 
to conservation. 


SILICIC DIFFERENTIATES OF LOPOLITHS 


Warren Hamilton 
U. S. Geological Survey, Denver, Colo. 


Granophyres and allied rhyolites and granites, the “red rocks” differentiates, of the Bushveld, 
Duluth, Sudbury, and Wichita lopoliths are strongly alkaline. Their contents of KO, Na,O, and Al,Os 
are nearly constant with varying SiO. They contain half as much CaO and half again more iron 
than do calc-alkaline rocks. Most of the red rocks are within narrow compositional ranges: Sudbury 
SiO, is near 69 per cent, Bushveld near 73, Wichita near 75. The red rocks are composed largely of 
hematite-clouded feldspar (variably exsolved but probably originally sodic sanidine), high-tempera- 
ture quartz, magnetite, and variably altered low-Al,O: mafic minerals. 

Lopoliths are strongly bimodal in composition, with little intermediate rock, as are associated 
lavas (e.g., Keweenawan basalts and rhyolites). Crystallization-differentiation of basalt (contam- 
inated?) certainly yields interstitial micropegmatite, probably yields red-rocks caps, and likely 
yields associated rhyolites—all bimodal mafic and alkaline-felsic assemblages rather than the single- 
peak frequency distributions and calc-alkaline rocks expected by some petrologists. Silicic rocks of 
basaltic suites are strikingly different from those of andesite-basalt-rhyolite and granodiorite-granite 
associations, and must be different in origin. 

The Snake River-Yellowstone upper Cenozoic lavas are bimodal basalts and granophyre-type 
rhyolites. Many geologic features suggest that the Yellowstone rhyolite plateau may be the differ- 
entiated crust of a roofless lopolith whose molten interior causes the heat phenomena of the area. 


EFFECTS OF PORE PRESSURE ON THE EXPERIMENTAL DEFORMATION 
OF SOME SEDIMENTARY ROCKS 


John Handin 
Shell Development Company, Houston, Texas 


Triaxial compression tests have been made of jacketed cylindrical specimens of dolomite, lime- 
stone, sandstone, shale, and siltstone at confining and pore pressures of 0-2000 bars, temperatures of 
24°-300°C., and constant strain rate of 1 per cent per minute. The internal (water) pressure was main- 
tained constant, and void volume changes were determined as functions of strain. 

Ultimate strength and ductility were found to depend on effective confining pressure, the difference 
between external and internal pressures when the interstitial fluid was chemically inert, permeability 
sufficient to insure pervasion of water and uniform distribution of interstitial pressure, and sufficient 
porosity to allow a large fraction of total area of solids to contact the water. 

At ratios of pore to confining pressure of less than 0.6, porosity decreased with progressive shorten- 
ing; at 0.6-0.8 it remained constant. Above 0.8 porosity increased; the rocks became dilatant. Micro- 
scopic examinations of sandstones revealed that, as pore pressure increased, grain breakage became 
less important until there was none, and deformation was due entirely to intergranular movements. 
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Since the rocks were initially closely packed, the shortening led inevitably to increased void volume. 

An explanation of pore-pressure effects on the basis of Coulomb friction is consistent with all these 
data. When pore pressure is high, friction is low, and a rock is very weak. This fact supports the 
Hubbert-Rubey theory of overthrust faulting. The behavior of most sedimentary rocks under short- 
time loading can now be predicted for depths up to about 10 km. 


SOME SEDIMENTARY CHARACTERISTICS OF URANIUM HOST ROCKS 


Stafford C. Happ 
456 Elm Court, Grand Junction, Colo. 


More than 90 per cent of known uranium ore in western United States is at relatively shallow 
depths in rocks formed from stream-channel sediments. Evaluation of additional potential reserves 
involves both sources of mineralizing solutions, yet little known, and distribution of favorable lithol- 
ogy in large areas where potential host rocks are deeply buried or little explored. 

Sudden abandonment of channel segments by avulsion preserves sands and gravels in their normal 
stream-channel pattern: (1) lag deposits below, (2) overlying transitory bedload, and (3) crescentic 
lateral accretion or point-bar deposits interfingering with overbank sediments on convex banks. 
Such abandoned channels are most likely where confined between cohesive banks, as in the clay- 
stone-mudstone sequences of the Brushy Basin member of the Jurassic Morrison formation, or the 
Triassic Chinle formation above its basal sandstones. 

Freely meandering streams form extensive sand deposits with inconspicuous individual channel 
patterns, but broader, less sinuous, elongate meander belts. Such may be extensive sandstones in the 
Salt Wash member of the Morrison. 

Extensive deposits such as the Shinarump member of the Chinle, filling elongate depressions in 
older bedrock, probably represent filled valleys rather than individual streams. Anastomosing 
Shinarump “channels” suggest diversions across cols between aggraded valleys. 

Streams usually erode into bedrock only in localized scours, chiefly at bends during high stages. 
Thus irregular longitudinal bedrock profiles are expected; but stream-bend migration may greatly 
distort individual crescentic scours. 


PERMIAN SECTION ON GRINNELL PENINSULA, ARCTIC ARCHIPELAGO, 
NORTHWEST TERRITORIES, CANADA* 


P. Harker and R. Thorsteinsson 
Geological Survey of Canada, Ottawa, Canada 


Marine Permian deposits are widespread in the Canadian Arctic Islands, but their faunas are little 
known. A fossiliferous section discovered more than 100 years ago on Grinnell Peninsula has been 
re-examined by R. Thorsteinsson and is of Permian age. The sequence consists of two fossiliferous 
formations separated by a slight disconformity of little time significance. 

The older formation, mainly limestone, resting unconformably on the Ordovician, contains 
fusulinids, corals, and a few brachiopods. Fusulinids include Schubertella kingi Dunbar and Skinner, 
Pseudofusulinella utahensis Thompson and Bissel, Schwagerina spp., and Parafusulina spp. They 
indicate a correlation with the Wolfcamp and lower part of the Leonard, and the beds are probably 
mainly of Artinskian age. 

The younger formation, of weakly consolidated glauconitic sandstones, is transgressive; elsewhere 
in the Canadian Arctic it rests on rocks ranging in age from Ordovician to Devonian. It contains an 
abundant well-preserved fauna with many brachiopods including species of Streptorhynchus, Derbyia, 
Dictyoclostus, Muirwoodia, Kochiproductus, Waagenoconcha, Stenoscisma, Rhynchopora, Pterospirifer, 
and Spiriferella. Ammonite species of Pseudogastrioceras and Metalegoceras also occur. Similar faunas 


* Published by permission of the Director, Geological Survey of Canada. 
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considered approximately contemporaneous occur at many localities in boreal regions and are here 
referred to as the Arctic Permian fauna. The brachiopods cannot readily be assigned to any well- 
established marine Permian stage. The ammonites have lower Permian affinities. The Arctic Permian 
fauna is referred to a new stage, the Svalbardian, recently proposed by D. L. Stepanov (1957) for 
marine equivalents of the Kungurian and lying between the Artinskian and the Kazanian. 


FORMATION OF TILLEYITE, Ca;Si,0;(CO3)2, IN THE CONTACT 
METAMORPHISM OF SILICEOUS LIMESTONES 


R. I. Harker 
Johns-Manville Research Center, Manville, N. J. 


At 5000 Ibs./in.? of COkx, tilleyite is stable between 930° and 970°C. and, at 3000 Ibs./in.? of CO,, 
between 860° and 940°C. The conditions of its stability are defined, on a Pgo,-T diagram, by a nar- 
row band lying between the more carbonated calcite ++ wollastonite assemblage and the less car- 
bonated spurrite. 

A consideration of the natural occurrences of tilleyite and the composition of the starting materials 
needed for its synthesis suggests that tilleyite normally contains small amounts of alumina. Traces 
of fluorine also are apparently necessary for the formation of tilieyite. In the absence of any alumina 
or fluorine, calcite + wollastonite are stable together instead of tilleyite. With more alumina than 
can be accommodated in the tilleyite, gehlenite is formed under the above P-T conditions. With 
sufficient excess of fluorine the development of an unidentified phase can be detected. 


MODIFICATIONS IN PETROGRAPHIC COMPOSITION OF COAL CHARGES 
AND THEIR INFLUENCE ON THE RESULTING COKE 


John A. Harrison 
Illinois State Geological Survey, Urbana, Til. 


Laboratory investigations have indicated an improvement in coke character by the blending of 
5-15 per cent of minus 150 mesh fusain with either Illinois number 6 or number 5 coals. To deter- 
mine whether these indications hold true on a larger scale, pilot-plant tests have been made in which 
the coke charge was about 575 pounds. 

Mixtures of number 6 and number 5 coals were blended with various quantities of minus-150- 
mesh fusain, and it was demonstrated by both shatter and tumbler-plus-1-inch tests that coke could 
be improved. The tumbler-plus-4-inch test results generally showed a slight decline, but the over-all 
size of the coke exhibited an increase. 

The author believes that the size of the fusain and its distribution throughout the coke charge is 
especially important in Illinois coals that have a relatively low Gieseler fluidity. As fusain does not 
agglomerate, it must be homogeneously distributed throughout the coal charge to be in contact with 
the coal particles that do become plastic during coking. The fine fusain is incorporated within the 
cell walls and is considered to give them added strength and to act as centers of concentration during 
the resolidification process producing an over-all larger coke size. Fusain can be recognized in the 
coke, and therefore its distribution can be ascertained by petrographic studies. 


CRYSTAL-RICH GLOWING-AVALANCHE DEPOSITS OF ST. VINCENT, B. W. I. 


Richard L. Hay 
Geology Dept., University of California, Berkeley, Calif. 


Glowing avalanches of May 7, 1902, on the island of St. Vincent, B. W. I., formed the lower, 
denser part of an ash cloud erupted vertically; they swept down valleys and came to rest as valley 
fillings of crystal-rich ash. These glowing avalanches were produced at an early stage of a dominantly 
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vulcanian eruption and probably constituted no more than one-tenth of the total magma erupted, 
estimated between one-twentieth and one-tenth cubic mile. Bombs indicate that the magma was 
andesite composed of about 55 per cent glass and 45 per cent crystals at the time of eruption. Crystals 
form about 75 per cent of the ash in the glowing-avalanche deposit, exclusive of rock fragments, 
probably reflecting concentration of the denser, coarser (crystal) ash in the lower part of the turbu- 
lent cloud during eruption. Although the glowing-avalanche deposits are as much as 150 feet thick 
in places, they are nowhere welded. 

Prehistoric crystal-rich glowing-avalanche deposits similar in most respects to those of 1902 
form a fan about 6 square miles in area on the east side and valley fillings of smaller extent on the 
west side of the volcano. Radiocarbon dating of charcoal from one of the older glowing-avalanche 
deposits gives an age of about 4100 years, which roughly dates commencement of the current eruptive 
phase. 


SOUTH ATLANTIC PHYSIOGRAPHIC DIAGRAM 


Bruce C. Heezen and Marie Tharp 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


The recently completed South Atlantic Sheet of the 1:10 million Physiographic Diagram of the 
Oceans is based principally on sounding profiles of the METEOR Expedition with important recent 
additions by VEMA, ATLANTIS, GLACIER, CRAWFORD, and WYANDOT. 

The major physiographic divisions and categories, as well as the principal physiographic provinces, 
recognized and defined in the North Atlantic can be traced into the South Atlantic. For example 
the median, seismically active Rift Valley of the Mid-Atlantic Ridge can be recognized on all trans 
Atlantic profiles. 

A physiographic province chart showing the province boundaries and province names has been 
prepared. Both the diagram and chart will be on exhibit. 


DATE OF STAGNATION OF THE CARIACO TRENCH, SOUTHEAST CARIBBEAN 


Bruce C. Heezen, R. J. Menzies, W. S. Broecker, and Maurice Ewing 
Lamont Geological Observatory (Columbia University), Palisades, N.Y. 


The 750-fathom deep Cariaco trench of the Southeast Caribbean is enclosed by the 150-fathom 
isobath. Below sill depth its waters are anaerobic. 

In July 1957 Research Vessel VEMA obtained 12 sediment cores from the trench. Cores from the 
steepest slopes showed omissions because of slumping, and one from the small 750-fathom abyssal 
plain was composed of graded beds indicative of turbidity-current deposition. Six cores from the 
gentle slopes of the trench correlated well, although individual beds varied considerably in thickness. 

In each core the upper 5-11 meters is composed of dark greenish-gray organic lutite rich in well- 
preserved Foraminifera and pteropods. Fine banding is recognizable near the top and becomes in- 
creasingly prominent with depth. Individual beds range from 1 mm to 2 cm. A radiocarbon date of 
10,900 years was obtained for the base of this unit. 

A 4- to 1-meter thick bed of firm gray clay poor in microfossils lies beneath the upper unit. Be- 
neath this is a 1- to 3-meter thick bed of brown oxidized lutite. The brown oxidized bed must rep- 
resent a time when the trough was ventilated. The Cariaco trench has been anaerobic throughout 
postglacial times but was ventilated during late glacial time. 


RARE-EARTH PEGMATITES OF THE SOUTH PLATTE-LAKE GEORGE 
AREA, DOUGLAS, TELLER, AND PARK COUNTIES, COLORADO 


E. Wm. Heinrich 
Department of Mineralogy, Univ. of Michigan, Ann Arbor, Mich. 


Pegmatites that were quarried for feldspar in the late 1930’s and throughout the 1940’s are widely 
distributed in southwestern Douglas County and adjacent parts of Teller and Park counties, with a 
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notable concentration in the Raleigh Peaks-Long Scraggy Peak section of Douglas County. Many 
‘of these have now been found to contain a complex assemblage of rare-earth and radioactive minerals. 
Minerals containing rare earths of the yttrium subgroup appear to be more abundant and wide- 
spread than those rich in the cerium fraction. The pegmatite dikes have a well-developed zonal struc- 
ture, commonly with quartzose or microcline-rich cores, and most of the rare-earth minerals occur 
within small irregular replacement masses rich in fluorite, sodic plagioclase, or both. Fluorite, which 
is especially widely distributed and characteristic of these pegmatites, shows extreme variations in 
color, grain size, radioactivity, fluorescence, rare-earth content, and paragenesis. Apparently the 
chief rare-earth species is xenotime, much of which occurs as minute inclusions in brown fluorite. 
Some yttrofluorite also is present and other species identified include monazite, fluocerite (second 
U. S. locality), gadolinite, allanite, samarskite(?), yttrotantalite, and thorite. Topaz is locally abun- 
dant in one dike, massive hematite in another. 

Several pegmatites and their dumps have yielded hand-picked ore in the amounts of 10 to about 
100 tons, with a grade of from 1-7.5% Y. From such ore a crude concentrate has been prepared 
containing 47.9% Y, 2.8% Gd, 2.3% Dy, 3.7% Nd, 1-2% Er, Sm, Ce, and .0-1% Ho, La, Tb, Pr. 


RARE-EARTH AND THORIUM DISTRIBUTION IN SOME PEGMATITIC 
MONAZITES 


E. Wm. Heinrich, R. A. Borup and A. A. Levinson 
Dept. Mineralogy, Univ. of Michigan, Ann Arbor, Mich.; The Dow Chemical Co., Freeport, Texas; 
The Dow Chemical Co., Freeport, Texas 


New analyses of 14 monazites have been made by X-ray spectrography for the rare-earth elements 
La, Ce, Pr, Nd, Sm, Gd, and Y, as well as Th. All the monazites are pegmatitic in origin, from dis- 
tricts in southern Colorado and northern New Mexico. All were chosen because of the availability 
of exact information on their occurrences and paragenesis. 

The rare-earth distribution in 11 monazites is Ce > Nd > La > Sm > Pr, and in three from the 
Brown Derby, Colorado, pegmatites the distribution is Ce > Nd > Sm > La > Pr These distri- 
butions are significantly different from those of most other monazites reported in the literature, es- 
pecially the constancy of Nd > La; Sm > Pr (in all but one); and Sm > La in the Brown Derby 
examples. Ce and Pr vary only over a limited range, whereas Y, Gd, and Th vary most widely. 
Sigma (=) (La + Ce + Pr) ranges from 51 to 70, the previous recorded low being 58. The relative 
abundance of the rare-earth elements in these monazites varies over a limited but characteristic 
range not only for those from individual pegmatites, but also for those representing an entire peg- 
matite district. Minor variations in some of the rare-earth elements may be relatable to the para- 
genetic position of the monazites, and to a marked variation of Th among paragenetically identical 
monazites from different pegmatites in the same district. 


NIOBIUM-TITANIUM-RARE EARTH MINERALS OF RAVALLI COUNTY, 
MONTANA, AND LEMHI COUNTY, IDAHO 


E. Wm. Heinrich, A. A. Levinson, J. M. Axelrod, and Charles Milton 
University of Michigan, Ann Arbor, Mich.; Dow Chemical Co., Freeport, Texas; U. S. Geological 
Survey, Washington, D. C.; U. S. Geological Survey, Washington, D. C. 


Calcitic (marble) veins up to several feet in width, occurring north and south of the Bitterroot 
Mountain continental divide in Ravalli County, Montana, and Lemhi County, Idaho, contain 
notable quantities of niobium, titanium, and rare earths. The mineralized area trends roughly 
northwest and is 3-4 miles wide and 17 miles long. In Montana columbite, monazite, ancylite, and 
allanite, and in Idaho ilmenite, rutile, ilmenorutile, monazite, ancylite, and allanite are found in 
these veins. With the columbite is fersmite, calcium niobate, known elsewhere only from Russia. 
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Other minerals present in these veins are dolomite, quartz, pyrite, pyrrhotite, chalcopyrite, molyb- 
denite, apatite, magnetite, hematite, barite, and various silicates such as biotite, chlorite, serpentine, 
actinolite, and glaucophane. The country rock is a series of schists and gneisses, Belt or older. 

Fersmite characteristically occurs as sharply bounded inclusions in columbite. It is dark brown, 
translucent, and, in polished section, darker than columbite. Ilmenorutile is intergrown with ilmenite. 
Radioactivity is shown by allanite, but not in the monazite specimens tested so far. 

Spectrographic analysis of the columbite indicates little if any tantalum, and that of the ilmeno- 
rutile gives 13% Nb, <0.1% Ta, 46% + Ti. 

The rare-earth carbonate minerals (ancylite, bastnaesite?) are intergrown with other carbonates, 
so that their isolation for study is difficult. 

Mineralogical data are given for a large number of individual prospects and occurrences. 


SOME MINERALOGICAL EQUILIBRIA IN THE SYSTEM K,0-AI,03-Si0.-H,O 


J. J. Hemley 
U. S. Geological Survey, Denver, Colo. 


An experimental investigation was made at elevated temperatures and water pressures of the 
hydrolysis of K feldspar to mica + silica, and of mica to kaolinite. Values of the experimental equi- 
librium quotient, mxci/Muci, were determined at temperatures from 200° to 550°C. and pressures 
from 2000 to 35,000 psi. The reactions are exothermic, and the equilibria show a marked shift toward 
higher acidities with increasing temperature. The equilibrium curves for the two reactions are es- 
sentially parallel. Above about 350°C. the assemblage mica-kaolinite changes to mica-pyrophyllite- 
boehmite, and at still higher temperatures mica-pyrophyllite-andalusite is formed. At 400°C. and 
15,000 psi total pressure the equilibrium quotient is 107-7 for the assemblage K feldspar-mica-silica, 
and 10 for the assemblage mica-pyrophyllite-boehmite. The experimental equilibrium quotients 
probably do not differ from the thermodynamic equilibrium constants of the reactions by more than 
a factor of 5 up to a temperature of 350°C. or higher. 

The most important controls on the fields of stability of these several minerals are the K+t/H* 
activity ratio and the temperature. At a given temperature and with increasing K*/H* ratio the 
fields of kaolinite, mica, and K feldspar are successively traversed. Similarly at constant K*+/Ht 
ratio with increasing temperature this same sequence is observed. The effect of pressure on the equi- 
libria is relatively slight. The results have particular geological application to the interpretation of 
processes of hydrothermal alteration and the development of various alteration mineral] patterns. 


ECOLOGY AND LIFE ASSOCIATION OF FOSSIL ALGAE AND FORAMINIFERA 
IN A PENNSYLVANIAN LIMESTONE, McALESTER, OKLAHOMA* 


Lloyd G. Henbest 
U.S. Geological Survey, Washington, D. C. 


At a locality near McAlester, Oklahoma, the Secor coal of Pennsylvanian age contains limestone 
nodules of unusual fossil content and significance. The fossil aggregate in some of the nodules con- 
sists of (1) a marine biota that includes a new form of algae (S. H. Mamay, personal communication), 
sessile and free living foraminifers, productid brachiopods, marine molluscs, echinoids, and unidenti- 
fied echinoderm ossicles; and (2) detritus of land plants. The new form of algae is delicate, noncal- 
careous, and soft-bodied and served in life as a support for permanently attached calcitornellid 
foraminifers. In some nodules, the same species of calcitornellids are attached both to the new algae 
and to the spines and outer surface of very delicate shells of productids. The calcitornellids lived in 
life association with the algae and productids and apparently also with the echinoids. It is concluded 


* Publication authorized by the Director, U. S. Geological Survey. 
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that the algae were marine and that the marine biota dwelt in the photic zone of the sea. The preser- 
vation of the algae and several features of the nodules indicate quick fixation in the toxic waters of 
the Secor peat bog. It is also concluded that (1) the free, unbroken specimens of calcitornellid and 
serpulopsid foraminifers, which are abundant in many upper Paleozoic limestones, originally grew 
on perishable supports such as sea weed; and (2) owing to the possibility of rafting on their original 
supports, free specimens of sessile foraminifers are unreliable indicators of depth of deposition. 


STRATIGRAPHY OF THE OUTCROPPING BASAL CRETACEOUS BEDS 
BETWEEN THE CAPE FEAR RIVER, NORTH CAROLINA, AND 
LYNCHES RIVER, SOUTH CAROLINA 


Stephen Duncan Heron, Jr. 
Duke University, Box 6665, College Station, Durham, N. C. 


The Cretaceous beds in the area studied have been referred to the Tuscaloosa formation and to 
the “lower” part of the Black Creek formation. These beds are subdivided in this study into the 
Cape Fear formation, the Middendorf formation, and the Bladen member of the Black Creek 
formation. 

The Cape Fear, showing layers of compact quartz wackes and thin layers of mudstone without 
rapid lateral and vertical changes in lithology, was deposited by marine density currents. 

The Middendorf, characterized as a mass of loose sand with mudstone layers and lenses showing 
rapid lateral and vertical lithologic changes, was deposited in a fluvial environment. 

The Bladen, with dark-gray, fissile, laminated shales and large masses of loose sand with rapid 
lateral and vertical changes in lithology, represents deltaic deposition. 

The Cape Fear is essentially nonfossiliferous. The Bladen-Middendorf contains a scant microfauna. 
A considerable flora indicates that the Middendorf is correlated with the Bladen, and both are Upper 
Cretaceous. The Cape Fear is considered Lower Cretaceous. 

The stratigraphic relations among the three formations are unclear, but evidence indicates the 
Middendorf is in part the landward facies of the Bladen. Near Fayetteville, North Carolina, the 
Bladen-Middendorf overlies the Cape Fear. The Cape Fear is absent in South Carolina. Here, the 
“lower” Middendorf underlies the Bladen, and the “upper”? Middendorf is a facies of the Bladen. 

The Bladen-Middendorf is best developed south of the southeast-plunging Cape Fear Arch, and 
the Cape Fear occurs only on the northeast flank. 


SAN ANDREAS FAULT NORTH OF SAN FRANCISCO, CALIFORNIA 


Charles G. Higgins 
Department of Geological Sciences, University of California, Davis, Calif. 


Offset stream courses near Fort Ross suggest that right-lateral displacement on the San Andreas 
fault in that area may have aggregated 2400 feet or more since early (?) Pleistocene time. Distribu- 
tion of Pliocene strata suggests that cumulative right-lateral displacement on the fault north of San 
Francisco probably has not exceeded 814 miles and possibly has not exceeded 114 miles since Middle 
Pliocene time. Between Point Reyes and Gualala, the eastern block has been raised at least 500 feet 
with respect to the western block since Middle (?) Pliocene time. Stratigraphic evidence for pre- 
Pliocene lateral displacement on the fault north of San Francisco is inconclusive. 


FAULT NAMES AND SYMBOLS 


Mason L. Hill 
Richfield Oil Corporation, Los Angeles, Calif. 


Usage of customary fault names and symbols contributes to fictitious interpretations of fault dy- 
namics because distinction is not made between separation and slip (apparent vs. actual relative 
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movement). The most meaningful general-purpose fault classification is based on geometry of offset 
(separation). However, separation-based terms (Hill, 1947, Amer. Assoc. Petrol. Geol., v. 31, p. 
1669-1673) are commonly misused in a slip sense. 

A slip-based classification, which is tectonically more significant although less generally applicable, 
is needed to complement separation-based terms, in order to clarify the difference between separation 
and slip, and to stimulate acquisition of kinematic data on faults. This other classification is obtained 
by adding the word “slip” to fault names, as follows: normal slip, reverse slip, thrust slip, right 
lateral slip, and left lateral slip (combinations as reverse left lateral slip are used where dip and 
strike components of slip are nearly equal). 

This dual classification of faults emphasizes need for modification of fault symbols for maps and 
sections to differentiate between separation and slip. As with fault names, slip symbols are cus- 
tomarily used without knowledge of actual relative movement. It is recommended that special 
symbols, if any, be used when only fault separation is known. Arrows, U (up), D (down), T (toward), 
and A (away) can then be used when slip is approximately known. 

Use of the dual classification with appropriate fault symbols will allow geologists to express data 
on faults clearly and honestly and, whenever possible, to indicate sense of fault slip. 


STATISTICAL RELATIONSHIP OF PORE-SIZE DISTRIBUTION TO THE 
PETROGRAPHY OF SOME CARBONATE ROCKS 


Carl L. Hiltrop and John Lemish 
Towa State College, Ames, Iowa 


Carbonate aggregates with good service records and those known to be deleterious in concrete were 
investigated in regard to their effect upon the durability of concrete highways. Pore sizes and pore- 
size distribution within an aggregate have long been considered critical in controlling the flow and 
retention of moisture. These, in turn, are directly related to freeze-thaw durability and potential 
chemical reactivity of the rock. Pore-size distributions were determined. This was done by applica- 
tion of Ruska’s mercury capillary pressure apparatus. Approximately 120 specimens from 7 quarries 
representing Devonian and Mississippian rocks were examined. Several other properties of the rocks 
were also determined: (1) effective porosity; (2) total porosity; (3) calcium to magnesium ratio; (4) 
per cent insoluble residue; (5) clay present; (6) freeze-thaw losses; (7) service record; and (8) texture. 

Each of the above eight properties was then subdivided into subclasses. The distribution curves, 
for example, were grouped into eight types. Then a technique was introduced for treating the data 
statistically based on the method of conditional probability. This technique allows one to ask ques- 
tions in precisely defined terms and to make accurate probability statements, relating the eight 
variables, for the system of consideration. 

This investigation shows: (1) a large number of the rocks sampled possess distribution curves with 
a maximum in the region 0.2 < r < 0.5 micron; (2) that knowledge of a rock’s pore-size distribution 
might be of value in attempting to predict its service record as aggregate; (3) textural type correlates 
rather well with distribution curve in the case of the Glory quarry which has produced notoriously 
poor aggregate. 


STRATIGRAPHY AND PETROLOGY OF LOWER ORDOVICIAN DOLOMITES, 
SOUTHEASTERN PENNSYLVANIA 


John P. Hobson 
Cities Service Research and Development Company, Tulsa, Okla. 


Three general dolomite rock types occur in the Lower Ordovician (Beekmantown) rocks between 
the Susquehanna River and the Delaware River, southeastern Pennsylvania. They are, in order of 
decreasing volume: (1) very finely crystalline to microcrystalline (< 4g mm), light-colored, non. 
calcareous dolomite that is typically unfossiliferous and in many places thinly laminated; (2) finely 
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to coarsely crystalline (14-2 mm), dark dolomite that contains relict or “‘ghost’’ grains as well as 
incpomletely replaced marine fossils and which commonly possesses a moderate to high permeability 
and a vuggy porosity in outcrop; (3) mottled rock associated with (1) and (2) and composed of 
dolomite intergrown with smaller amounts of calcite. This paper is concerned mainly with the char- 
acteristics and stratigraphic distribution of (1) and (2). These rock types occupy definite positions 
in the stratigraphic framework and are not related to fracturing or intensity of deformation of the 
strata. Dolomite of type (1) occurs interbedded with limestones, as separate mappable bodies, and 
interbedded with dolomite type (2). Where type (1) dolomite occurs as mappable bodies, it overlies 
bodies of interbedded (1) and (2) and gradationally underlies bodies of interbedded limestone and 
type (1) dolomite. The thickness of a body composed of types (1) and (2) varies directly as the 
thickness of the overlying body of type (1). 

Petrographic and stratigraphic evidence suggests that dolomite of type (1) is the product of a 
dolomite-forming depositional environment characterized by restricted water circulation and that 
type (2) is a product of early intrastratal replacement of normal marine limestones. 


ENGINEERING STUDIES OF ROCK MOVEMENT IN THE NIAGARA AREA 


A. D. Hogg 
620 University Ave., Toronto, Ontario, Canada 


Two parallel, essentially horizontal, 50-foot-diameter tunnels spaced 250 feet apart were excavated 
in the horizontally stratified rock of the Niagara area, at about 200 feet below the rock surface and 
300 feet below the surface of the ground. Surface rock cuts up to 60 feet deep were also made for 
canals and intake structures. Measurements for a few months after excavation showed a decrease 
in the horizontal diameter of the first tunnel of from 1 to 2 inches. Corresponding figures for the 
second tunnel excavated some months later were about one third of this. Some crushing of the sand- 
stone occurred below the tunnel. Inward movements of canal walls have been about 1 inch. All rock 
movements well approximate straight lines when plotted against the logarithm of time; thus much 
the greater part of the total probable unrestrained movement for, say 100 years, took place before 
any concrete structures were placed. 

Owing to the cooling contraction of the tunnel-lining concrete no rock movement load has come 
on the lining. A stress of about 300 psi occurred in a slab at the bottom of a surface rock cut when 
an adjacent rock plug was removed from the cut. 

Steel ribs supporting the tunnel roof during construction showed stresses from zero to 60 per cent 
of their design load 

The various structures associated with these excavations appear, as designed, to be fully capable 
of withstanding any rock movement likely to occur. 


MINERALOGIC EVIDENCE BEARING ON THE EVOLUTION OF THE 
EARTH’S ATMOSPHERE 


Heinrich D. Holland 
Department of Geology, Princeton University, Princeton, N. J. 


Any two minerals containing an element in different oxidation states is a potential oxygen barome- 
ter. Pairs useful in studying the variation of oxygen pressure in the atmosphere with time include 
Fe;0;-Fe,0;, UO.-U;03, PbS-PbSO,, and ZnS-ZnSO,. The presence in the past 
of the lower oxide of any such pair in equilibrium with the atmosphere establishes an upper limit, 
and the presence of the higher oxide a lower limit for the oxygen pressure at that time. The oxygen- 
pressure data for the boundary of the stability fields of these minerals can be combined with the 
geologic data on their occurrence in the past to yield a consistent, though tentative, sigmoid plot 
of the logarithm of the oxygen pressure as a function of time. 
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Since the presence of an ocean is well established for much of geologic history, the range of values 
of the vapor pressure of water in equilibrium with an ocean can be used together with the value of 
the oxygen pressure to define the possible range of the hydrogen pressure and the oxidation state 
of carbon and nitrogen in the past. The resulting data are consistent with the view that the very 
early atmosphere contained largely CH, and NHs, and that about 2.0 b.y. ago the atmosphere con- 
sisted of CO, and Nz but very little free O2. Modifications of the Urey and Rubey hypotheses are in 
substantial agreement with these conclusions. 


EVOLUTION OF TILL-STONE SHAPES 


Chauncey D. Holmes 
University of Missouri, Columbia, Mo. 


A total of 3234 unselected till pebbles and cobbles from 27 localities in central New York are of 
three lithologic types: sandstones, limestones, and shale-siltstones. Localities range up to about 20 
miles south of the chief limestone outcrops at the Allegheny Plateau escarpment. Changes in size, 
shape, and roundness with increasing distance of glacial transport show a relative decrease of about 
25 per cent in wedge form and in rhombohedroid stones, and a relative increase of more than 100 per 
cent in ovoids. Other forms show little variation. Although wedge forms tend to be more conspicu- 
ously striated than others, the inference is that rounding predominated over facetting, and that pro- 
longed transportation by the middle-latitude ice sheets tended to produce stones of ovoid form 
rather than wedge shapes as has been claimed. All three lithologic types show these tendencies, but in 
different degrees depending on relative toughness. Reduction of the larger sizes provided a continuing 
supply of smaller ones, and gradual depletion of the larger sizes is reflected in the changing cobble- 
pebble ratio downcurrent from the source outcrops. Here again, rates of change are governed largely 
by relative resistance. However, with increasing distance of transport, cobbles increase in roundness 
more than pebbles, indicating less susceptibility to crushing and perhaps a faster rate of rounding. 
Only about 10 per cent of the till stones attained a degree of roundness greater than 0.4 on Krum- 
bein’s 1941 scale (‘‘c”? on Holmes’s 1941 scale). 


TOPOLOGY AND GEOMETRY OF CRYSTAL STRUCTURE 


William T. Holser 
California Research Corporation, La Habra, Calif. 


A crystal structure may be represented by a set of points corresponding to atomic centers, con- 
nected by links corresponding to bonds between pairs of atoms. Some consequences of considering 
separately the geometrical and topological features of this point-line set are examined. 

Topological descriptions (Wells) should differentiate atomic species. For more than one species a 
generalized co-ordination rule can be deduced from topology without reference to bond type: the 
co-ordination of one kind of point is in inverse relation to the proportion of that kind in the set; in 
ionic crystals this reduces to Pauling’s Second Rule. The rigidity of a solid structure also depends on 
topology, requiring six links at each point. In some structures forces beyond nearest neighbors must 
be important: silica could not be solid even as a glass without Si-Si interaction. The order of a crystal 
may require additional] links to further neighbors, and the links must be geometrically specialized 
into subsets of equal length, analogous to vector sets (Wrinch-Buerger). Such equalities result from 
equalities of interatomic forces. 

Symmetry requires further equalization of links into fewer subsets. Certain easily attained equalities 
lead to the common symmetry groups, and less extensive equalities to subgroups of these. For sets 
of two kinds of points the symmetry of the set is represented by a Schubnikov two-valued space 
group, of which the classical space group is a subgroup. Other extensions of space-group theory may 
assist in the description of more complex compounds on the point-line model. 


S 
y 
f 
d 
d 
r 
e 
4 
h 
n 
t 
e 
t 
4 
}- 
e 
rt 


1586 ABSTRACTS 


SPURRITE AND MONTICELLITE SKARNS IN THE TRES HERMANAS 
MOUNTAINS, LUNA COUNTY, NEW MEXICO 


Frank C. Homme and Abraham Rosenzweig 
University of New Mexico, Albuquerque, N. M. 


The three major peaks of the Tres Hermanas Mountains, about 6 miles northwest of Columbus, 
Luna County, New Mexico, are made up of a Tertiary quartz monzonite stock intruding Mississippian 
to Permian limestones. The limestones were thermally metamorphosed to coarse-grained marbles 
and calc-silicate hornfelses, depending on their initial composition. Grossularite-wollastonite skarns 
are common at the immediate contact. 

On the northeast slope of the south peak a zone of finer-grained, cummingtonite-bearing quartz 
monzonite confined a lens of limestone between itself at the top and side and a calc-silicate hornfels 
at the bottom. The resulting concentration of heat produced minerals of the sanidinite facies in the 
limestone lens. The upper part of the lens is a spurrite-merwinite-monticellite skarn, and the lower 
part of the lens is a monticellite skarn containing some scapolite. Later metasomatic activity from 
below altered the calc-silicate hornfels to a complex, magnesium-rich tactite and converted the usual 
augite of the quartz monzonite to cummingtonite. The presence of the monticellite skarn in the lower 
part of the lens and in association with spurrite may also be the result of this metasomatic action. 
Small fractures at the north end of the lens provided an avenue of escape for carbon dioxide and 
water vapor during the metasomatic stage, forming late veinlets of calcite in the spurrite and a hydro- 
grossular zone at its outer boundary. 


PRECAMBRIAN ROCKS AND THEIR RELATION TO LARAMIDE STRUCTURE 
ALONG THE EAST FLANK OF THE BIGHORN MOUNTAINS NEAR 
BUFFALO, WYOMING 


Richard A. Hoppin 
Department of Geology, State University of Iowa, Icwa City, Iowa 


Precambrian crystalline rocks and younger sedimentary rocks were involved in Laramide deforma- 
tion. Of particular interest are two high-angle dextral faults striking N. 10°E. which cut both the 
upturned sedimentary rocks and the crystalline basement. As this trend does not correspond to di- 
rections of transcurrent faulting expected with east-northeast—west-southwest compression (indi- 
cated by the north-northwest-trending Clear Creek thrust and upturned sediments), the Precam- 
brian rocks were studied to see if some kind of basement structure controls this direction of faulting. 

The Precambrian complex consists of quartz-biotite-plagioclase gneiss and migmatite with minor 
hornblende gneiss and orthoamphibolite. These rocks are strongly deformed and partly granitized. 
Basic dikes and small ultrabasic bodies cut the complex. Early foliation and layering are masked by 
later shear foliation. Three prominent directions of high-angle shearing and jointing are N. 10°E., 
N. 45°E., and N. 75°-80°W. 

In the sedimentary rocks N. 45°E. and N. 75°E.-N. 75°W. joint systems are well developed; the 
N. 10°E. direction is very weak. 

The strong development of the N. 10°E. direction in the Precambrian rocks and its absence in the 
sedimentary rocks suggest that this trend was developed during a Precambrian deformation and pro- 
vided zones of weakness which controlled Laramide tear faulting. Three diabase dikes in the Pre- 
cambrian between the faults also follow this direction. 

The other two trends are probably Laramide in age, although the presence of several east-west 
dikes in the south end of the area suggests that this trend may also be a reactivated Precambrian 
direction. 
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THE WRITTEN WORD 


J. L. Hough 
University of Illinois, Urbana, Ill, 


Individuals who are products of various family, community, and school environments come into 
the geological profession with widely different degrees of competence in communication. Many of 
these individuals achieve a Bachelor’s degree and go on to graduate school or into professional work 
before it becomes obvious to their supervisors that they are sadly lacking in the ability to organize 
and communicate information in writing. 

The speaker believes that anyone who has survived the selective process of going through 2 or 3 
years of college can acquire adequate skill in writing simply by practice, under supervision. Practice 
can be had in the writing of essay questions in examinations and the preparation of term papers and 
field-course reports. Teachers of geology should take the responsibility and somehow find the time to 
provide more of this kind of training. 

As an editor, the speaker makes a plea for attention to the mechanics of producing good manu- 
scripts for publications. A paper should be written specifically for the particular journal to which it 
will be submitted, and the style of that journal should be followed in detail. The designing and 
preparation of illustrations and the treatment of references are two items which usually are most in 
adequately handled. The preparation of a good manuscript is part of the technical man’s job, not a 
chore to be passed on to an editor. 


DEVONIAN AMMONOID FAUNAS IN SOUTHWEST ENGLAND 


Michael R. House 
Department of Geology, Durham University, Durham City, England 


Correlation of the thrust and contorted rocks of Devon and Cornwall with the better known suc- 
cessions in Germany has recently been enhanced by a study of their ammonoid faunas. These indicate 
the presence of representatives of the following German faunal divisions: 


Lower Carboniferous | Gattendorfia x 
W ocklumeria xX 
Famennian | 
Upper | Platyclymenia Xx 
Devonian | Cheiloceras 
Frasnian | Manticoceras X 
Middle Devonian | Mcenioceres x 
| Anarcestes x 


Lower Devonian Mimosphinctes — 


The Anarcestes Stufe contains Anarcestes and ? Subanarcestes in Devon. The Maenioceras Stufe 
fauna includes Maenioceras, Wedekindella, Sobolewia, Werneroceras, Agoniatites, and Tornoceras, and 
lower and upper subdivisions have been recognized. Rocks of this age are mainly limestones in South 
Devon and slates in North Cornwall. Three faunal subdivisions of the Frasnian occur with Ponticeras 
and Koenenites in the lower part; Beloceras, Manticoceras, and Tornoceras in the middle; and Archw- 
ceras, Crickites, Manticoceras, and Tornoceras in the upper part. At the level of the Cheiloceras Stufe 
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there is a widespread development of ‘‘Cypridenenschiefer” ostracod facies without ammonoids. The 
recognition of the Gattendorfia and Wocklumeria Stufen is evidence against the large unconformity 
hitherto supposed to mark the base of the Carboniferous in southwest England. 


COMMENTS ON THE STATE OF GEOLOGICAL TERMINOLOGY 


J. V. Howell 
1510 Philtower Building, Tiu:lsa, Okla. 


Preparation of the A.G.I. Glossary of Geology and Related Sciences has provided an opportunity 
for study of the state of our means of communication among ourselves and to the public. This note 
attempts to call attention to some glaring weaknesses and to point out means of avoiding future 
offenses. 

Criticisms are made of the following procedures: 

(1) Introduction of new terms to replace old and well-understood words 

(2) Redefinition of old established terms 

(3) Proliferation of new terms for features or concepts readily defined in simple and nontechnical 

words 

(4) Use of terms so vague that definitions must always accompany their appearance (e.g., Gray- 

wacke) 

(5) Coining of terms containing both Greek and Latin combining forms. 

Geology has been afflicted with these evils for many years, but the great expansion in numbers of 
geologists and publications of recent years has served to aggravate the condition. While the use of 
the Glossary should prevent any further use of old terms for new things, only careful study of the 
pertinent literature will enable an author to avoid the sin of applying new names to old things. At 
least until the material of the Glossary has been organized into Thesaurus form, a task that should 
some day be undertaken, the burden rests solely on the author himself. 


PALEOCURRENT STRUCTURES IN THE ULTRAHELVETIC FLYSCH OF 
THE SWISS PREALPS AND THEIR PALEOGEOGRAPHIC AND 
PALEOTECTONIC SIGNIFICANCES 


K. Jinghwa Hsu 
Im Margaretental 5, Binningen, Baselland, Switzerland 


The Ultrahelvetic Flysch formations of the Swiss Prealps are characterized by thick sequences of 
interbedded sandstones, graywacke conglomerates, shales, and silty limestones, and range from Late 
Cretaceous to Eocene in age. They exhibit sedimentary structures typical of turbidity-current depo 
sition—e.g., graded bedding, flow markings, slump folds, load casts, etc. Paleogeographically the 
Ultrahelvetic region was south of the Helvetic shelf area and north of the Penninic geosynclinal basins. 

Paleocurrent structures in the Ultrahelvetic Gurnigel Flysch of western Switzerland were studied 
by John Crowell. Using the same approach but with more emphasis on flow markings, the directions 
of transport of the following formations were determined, based on more than 300 measurements 
of paleocurrent structures. 


Formation Outcrops in Kanton Sediments transported toward 
Gurnigel Flysch Freiburg Southwest 
Schlieren Flysch Luzern, Unterwalden East to Northeast 
Waggital Flysch Schwyz South 


The significances of these results are: 
(1) The Gurnigel Flysch and the Schlieren Flysch, commonly considered stratigraphic equivalents, 
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were deposited in separate basins on opposite sides of a mountainous island, which had outcrops 
of the Habkern type granite. The Wiggital Flysch was derived from another source and deposited 
in another basin. 

(2) The directions of sediment transport are in most instances contrary to that predicted by the 
classical concept which considered flysch sediments as foredeep deposits, laid down in an elongate 
trough immediately north of advancing nappes. Rather, our results support the idea that the Ultra- 
helvetic Flysch formations were deposited in local basins in a region characterized by a basin and 
range structure. 


ZIRCONS IN THE PRECAMBRIAN IGNEOUS ROCKS, WICHITA MOUNTAINS, 
OKLAHOMA 


W. T. Huang 
Department of Geology, Baylor University, Waco, Texas 


Field investigations during 1950-1954 and petrographic studies of more than 350 thin sections in 
the collection of the University of Oklahoma of the Precambrian igneous rocks of the Wichita Moun- 
tains in southwestern Oklahoma have shown that different types and varieties of zircons characterize 
different rock types and their geologic history. 

The gabbroic rocks carry a mixed assemblage of irregular fragments, chips, subrounded, stumpy, 
to moderately elongated zircons. The irregular zircon crystal habits in these rocks are attributed to 
incomplete growth rather than to fracturing during crushing. The zircons from granitic rocks are 
euhedral and moderately elongated. The pegmatites have characteristically euhedral, tetragonal 
dipyramidal, and zoned brown zircons. In places the zircons are so abundant and so large (4-25 mm 
in diameter, some more than 36 mm long) as to form workable zircon deposits, though zircon mines 
have been abandoned. 

In the Cold Springs area, the zircons from hybrid rocks of assimilation origin are characterized 
by simpler crystal habits, greater elongation ratio, and more variability among samples in crystal 
size and number of crystals present. In thoroughly assimilated rocks and in “intermediate rock”’ 
that occurs along the contacts between the gabbro and granophyre, the zircons develop outgrowths 
which result in a gradual change from rounded grains into euhedral zircons. 

Major differences among the zircons in rocks of magmatic origin and the zircons in rocks of hybrid 
products by assimilation can be shown by comparison of various types of curves constructed from 
statistical data. 


GEOMORPHIC AND STRUCTURAL RELATIONS OF TERTIARY VOLCANIC 
ROCKS IN ALPINE AND VICINITY, WEST TEXAS 


W. T. Huang and Jesse L. Craft, Jr. 
Department of Geology, Baylcr University, Waco, Texas; Department of Geology, Sul Ross State College, 
Alpine, Texas 


The geomorphic and structural relations of Tertiary volcanic rocks in the vicinity of Alpine are of 
regional interest in that they assist in dating geologic events during the Cenozoic. Relations of the 
Tertiary volcanic rocks to Tertiary faults indicate that major movements probably occurred in early 
Pliocene time, following deposition of Miocene volcanic rocks and prior to outpourings of plateau 
rhyolite, basalt, and pyroclastic, and that minor movements continued into Recent time. 

Late mature erosion surfaces termed the Duff Springs cycle developed prior to the rhyolite erup- 
tions. This relationship and the youthful geomorphic aspect of the rhyolite plateau indicate that the 
rhyolite and younger basalts are probably of early Pleistocene age. More precise dating of the rhyolite 
depends upon the age assigned to a vertebrate fossil discovered in graveliferous sediments which rest 
on these volcanic rocks. 
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The following sequence of episodes is probable in the area: (1) Laramide uplift and orogeny between 
late Cretaceous and Paleocene; (2) deposition of tuff and outpouring of trachyte ending in late 
Eocene; (3) extrusions of basic lavas ending in early Oligocene; (4) intermittent volcanism and ex- 
plosive eruption of rhyolitic tuffs and lavas and interspersed with sedimentation during early or middle 
Miocene; (5) regional uplift and development of Duff Springs erosion surface during the late Pliocene 
and early Pleistocene; (6) outpourings of plateau rhyolite, tuffs, and younger basalts followed by 
syenite intrusions in early Pleistocene 


PETROLOGY OF THE FOUNTAIN FORMATION ALONG THE FOOTHILLS OF 
THE COLORADO FRONT RANGE 


John F. Hubert 
University of Missouri, Columbia, Mo. 


Tectonic quiescence produced first-cycle orthoquartzites, black shales, thin coals, and minor 
deltaic arkoses in the basal Glen Eyrie shale member of the Permo-Pennsylvanian Fountain forma- 
tion in the Manitou embayment. Later a powerful uplift sharpened the relief, and streams flowed 
eastward from the ancestral Front Range highland, concomitantly eroding fresh arkose detritus 
and continuously developing lateritic red soils. The climate was warm and humid in the highland 
and depositional areas. 

Between Eldorado Springs and Colorado Springs, the Fountain (excluding Glen Eyrie shale) con- 
sists of 80% arkoses (stream-channel deposits), 17% micaceous arkoses (flood-plain sediments), and 
3% quartzose arkoses (lacustrine and deltaic sediments). The quartz: feldspar: mica ratio among the 
grains (larger than .03 mm) is—in arkoses, 44:53:3; in micaceous arkoses, 41:43:16; and in quartzose 
arkoses, 72:24:4. The arkoses are coarser-grained, with less kaolinitic matrix (9%)—i.e., detritus 
finer than .03 mm—than the interbedded micaceous arkoses (35% matrix). The arkose nonopaque 
heavy minerals are dominated by zircon (68%) with minor rutile, tourmaline, epidote, sphene, horn- 
blende, garnet, staurolite, and local apatite and clinozoisite concentrations. 

The highland was a single tectonic unit that underwent continuous but declining uplift. The 
arkose:micaceous arkose:quartzose arkose ratio throughout the area consistently changes upward 
from approximately 71:29:0 to 85:7:8. The gravels in the basal one-fifth of the Fountain are con- 
sistently coarser than those in the second fifth, which are coarser than those in the upper three-fifths. 
The coarsest gravels and thickest section (4500 feet) are in the Manitou embayment, a tectonic sub- 
unit of the highland. 


PRECAMBRIAN ANTECEDENT DIKES IN NORTH-CENTRAL COLORADO 


Belva D. Hudson 
Geology Department, Univ. of Nebraska, Lincoln, Nebr. 


A group of andesite and diorite dikes is present within the Precambrian metasedimentary and 
granitic rocks near the mouth of Big Thompson Canyon on the eastern edge of the Front Range in 
Colorado. The dikes are approximately vertical and strike north-northwest; some show slight radial 
divergence. Most of the dikes are 5—40 feet thick. Andesite dikes are the more abundant. The andesites 
are porphyritic and diabasic and contain andesine, hornblende, biotite, quartz, and magnetite. 

Most of the dikes occur within the quartzites and schists of the Big Thompson series. Some of the 
borders of these dikes are invaded by a light-colored rock which grades into unaltered metasediments. 
Heat from the cooling dikes was sufficient to fuse partly the near-by metasediments of appro- 
priate composition. 

A few of the dikes crop out for several hundred feet within areas of tonalite. An intrusive origin 
of the tonalite is indicated by displaced inclusions of metasediments and by fine-grained border zones 
and related thin dacite porphyry sills. Inclusions of andesite in the tonalite, and veins of tonalite 


MEETING IN ST. LOUIS 1591 


crossing the dikes, prove that the andesite dikes are older than the tonalite. A thin layer of quartzite 
between one dike and the enclosing tonalite suggests that the dikes originally intruded metasedi- 
ments and were preserved during intrusion of the tonalite by their high melting temperature and 
vertical attitude. 


INTRUSIVE AND METAMORPHIC ROCK AGES IN MAINE AND SURROUNDING 
AREAS 


P. M. Hurley, H. W. Fairbairn, and W. H. Pinson, Jr. 
Dept. of Geology and Geophysics, Mass. Inst. uf Technology, Cambridge, Mass. 


More than 50 samples from large areas of intrusive and metamorphic rock in this region have indi- 
cated the following A/K ages. 

Batholithic Intrusive Rocks—Samples from large intrusive bodies near Kingfield, Moxie Pond, 
Jackman, Stratton, Chain of Ponds, Skowhegan, Hallowell, North Jay, Lincolnville, and Debouillie 
Lake in Maine; Bathhurst and Fosterville in New Brunswick; Mt. Megantic in Quebec; and Erroll, 
New Hampshire, show ages closely grouped about an average of 385 m.y. This age is in agreement 
with the age on similar batholiths in Nova Scotia. There are strong evidences that this period of 
intrusion is post-Early Middle Devonian in the entire region. 

Metamorphic Gneisses and Phyllites—The micas in a belt of metamorphic rocks in western Maine 
and northern New Hampshire show ages which are less than for the intrusives, with considerable 
scatter around an average of 310 m.y. It is of interest that the gneisses near Hobbstown, Appleton, 
and west of Rangeley in Maine, and the phyllites near Erroll, New Hampshire, show ages less than 
near-by intrusive granites. 

There appear to be at least three important events of metamorphism and intrusion after the Early 
Middle Devonian in the northern Appalachians: at about 380 m.y., major batholiths in the northern 
half of Maine and the Maritime Provinces: 250-330 m.y., major igneous implacements and meta- 
morphism in New Hampshire, Vermont, and Connecticut; at 190 m.y., large area of granite of the 
Conway type in New Hampshire. 


CHEMICAL AND TECTONIC RELATIONS OF NORTHERNMOST END OF PIKES 
PEAK BATHOLITH, JEFFERSON AND DOUGLAS COUNTIES, COLORADO 


Robert M. Hutchinson 
Department of Geology, Colorado School of Mines, Golden, Colo. 


Contacts between rock zones are gradational; rock types consist of granodiorite, quartz monzonite, 
granite, and leucogranite. Normative compositions approximate ratios of 1:1:1 for quartz:ortho- 
clase:albite. Point counts of thin-section suites give modal ratios of 1:1:1 for quartz: microcline: 
plagioclase for granodiorite; all others plot close to the microcline-quartz line; ratio of microcline: 
quartz ranges from 1.7 to 2.3. Variation in modal plagioclase suggests outer zone and border rocks 
cooled so that plagioclase unmixed less than within inner parts of the batholith. 

Biotite petrofabric diagrams from all rock zones vary polar to girdle-polar and aid in establishing 
tectonic control of metamorphic wall rocks where platy flow structures within the batholith are 
megascopically undetectable. 

Granite, in contact with metamorphic wall rocks, becomes either fine-grained, hiatal porphyritic 
or fine- to medium-grained, seriate inequigranular. Approach to seriate inequigranular medium- 
grained texture occurs hundreds of feet from the contact, but hiatal porphyritic texture is restricted 
commonly to within a 50-foot zone along contact with wall rocks. 

Growth of leucocratic minerals parallel to wall-rock foliation has converted biotite amphibolites 
to biotite granite gneiss and pegmatite. Plastification of metamorphic wall rocks accompanying up- 
ward surge of the batholith developed small-scale drag folds with tectonically related linear directions. 
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Gross linear directions in metamorphic wall rocks, which in many places are sharply discordant up to 
within several hundreds of feet of the batholith, swing sharply but distinctly to concordancy within 
50 feet of the contact. 


MICROFAUNA OF WENLOCKIAN AND LUDLOVIAN SILURIAN BEDS IN WESTERN 
ENGLAND 


H. A Ireland 
Department of Geology, University of Kansas, Lawrence, Kans. 


The insoluble residues from detailed sampling of Wenlockian and Ludlovian beds of the type 
Silurian areas of Murchison in Shropshire and Herefordshire, England, reveal a significant fauna of 
foraminifers, scolecodonts, and conodonts. The microfauna was derived from several Woolhope, 
Wenlock, Aymestry, and Whitcliffe limestones measured at or near their type localities. 

Eight genera (one new) and 19 species (16 new) of arenaceous Foraminifera were identified. Evolu- 
tionary changes show ancestral relationships going upward from Webbinella to Wenlockia, Saccam- 
mina, Tholosina, and Thurammina. Related branches lead to Psammosphaera and Psammophax. The 
changes are recorded by the character of attachment, development toward detachment, and the 
changes in apertures and their position on the tests. A significant microfauna of scolecodonts was 
acquired from the Wenlockian, and a fauna of conodonts came from the Ludiovian. Abundant scole- 
codonts and rarity of conodonts is a criterion for the Wenlock limestone, and the reverse is a criterion 
for the Aymestry limestone. 

Most micropaleontologists search for microfauna in shales and unconsolidated beds and have 
neglected to profit from the rich faunas and undamaged specimens found in insoluble residues. This 
is especially true of workers with conodonts and scolecodonts, and most publications give black or 
dark shales as the source of these forms. Conodonts and scolecodonts as well as foraminifers occur 
extensively in limestone and are not restricted to environments of turbidity. Forms liberated by acid 
provide clean and undamaged specimens, which in many cases fill the gaps in evolution between shale 
environments. 


EXPERIMENTAL STUDIES OF PEGMATITE GENESIS: MELTING AND CRYSTALLIZA- 
TION OF GRANITE AND PEGMATITE 


Richard H. Jahns and C. Wayne Burnham 
California Institute of Technology, Pasadena, Calif.; The Pennsylvania State University, University 
Park, Pa. 


Determinations of liquidus-solidus relationships for natura] representatives of the system “granite- 
water” have yielded the following data: 


Beginning of melting Beginning of crystallization 
(deg. C. + 5) (deg. C. + 10) 
PH20 
(bars) 
Harding, New. Natural granites Harding, New Stone Mountain 
Mexico, pegmatite (Tuttle and Bowen) Mexico, pegmatite Georgia, granite 
500 595 770 850 875 
1000 565 720 750 785 
2000 555 695 675 730 
3000 me 665 655 710 


Typical assemblages of major minerals, along with many textural! features characteristic of natural 
pegmatites, have been duplicated in miniature through closed-system melting and subsequent 
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recrystallization of Harding pegmatite in the above P-T ranges. The presence of a second fluid 
phase—aqueous vapor in these experiments—promotes rapid and highly selective transfer of 
material by diffusion, and evidently is necessary for growth of giant crystals. The general se- 
quence of minerals formed from the gaseous phase is muscovite — sanidine —> quartz —> spodumene. 
Unmixing of sanidine to form perthite takes place in less than 3 days within the cooling range 650°- 
550° C. 

The experimental results indicate that many contrasting textural and compositional features of 
natural pegmatites may well be due to concomitant crystallization from both silicate melt and accom- 
panying vapor. They fortify an earlier suggestion that “second boiling” of crystallizing magma 
accounts for development of perthite-rich “hoods,”’ quartz cores, and other elements of zoned peg- 
matite bodies not readily explained by known liquidus-solidus relationships. Diffusion of silica, 
alumina, and alkalies through a gaseous phase may apply as well to the origin of many essentially 
metamorphic pegmatites. 


GEOLOGICAL HISTORY OF AKLAVIK RANGE, NORTHEASTERN 
RICHARDSON MOUNTAINS, N.W.T.* 


J. A. Jeletzky 
Geological Survey of Canada, Ottawa, Ontario, Canada 


Area is limited by Mount Goodenough, Donna River, Mount Gifford, and Mackenzie River; 
its sequence is: 

(1) +250 feet Ordovician to Carboniferous (? Devonian) shales; base not seen. 

(2) 800 feet to (?) 1200 feet Permian or (? and) upper Carboniferous red-weathered, marine 
conglomerates and sedimentary breccias unconformably (10°-15°) overlie (1). 

(3) +400 feet Permian, marine sandstone and shales conformably overlie (2). 

(4) +500 feet Jurassic, marine sandstones and sandy siltstones transgressively overlap (2) and 
(3); lower third (mainly or totally lower Lower Jurassic) is separated by conglomerate from the 
upper two-thirds (lower to (?) mid-Upper Jurassic). Middle Jurassic unknown (? absent). 

(5) Mid-Upper Jurassic (? Uppermost Oxfordian) to Lowermost Cretaceous (Berriasian), marine 
shales, siltstones, and some sandstones overlie (4); contact sharp and uneven; lower 860-895 feet 
is Jurassic; apparently separated by an erosional gap from upper 350-375 feet, which is Lowermost 
Cretaceous. 

(6) +650 feet lower Lower Cretaceous (Berriasian to (?) Upper Valanginian), marine to con- 
tinental (coaly) sandstones gradationally overlie (5). 

(7) 1,500 to 1,750 feet Barremian and (?) Upper Hauterivian, marine shales and siltstones rich 
in clay ironstone transgressively overlap (5) and (6); considerable silty sandstones in upper half. 

(8) +600 feet Aptian or (? and) Uppermost Barremian, marine sandstones gradationally overlie 
(7); top not seen. 

Area forms part of north to north-northeast-trending anticlinorium. Core of anticlinorium is 
an anticline of Paleozoic (1-3) and older Jurassic (4) rocks; strongly deformed and horstlike, shaped 
by major, north and northwest-trending, post-Early Cretaceous faults and surrounded by gently 
to tightly folded, often strongly faulted, and locally overturned upper Jurassic (5) and Lower Cre- 
taceous (5-8). No intrusive or volcanic rocks seen. 


* Published by Permission of the Director, Geol. Survey of Canada, Department of Mines and 
Technical Surveys, Ottawa, Canada. 
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INVESTIGATION OF TRAIN-CAUSED VIBRATIONS ALONG THE QUEBEC 
NORTH SHORE AND LABRADOR RAILWAY, CANADA 


Robert B. Johnson and Robert W. J. Pryer 
Purdue University, Lafayette, Indiana; Q N S & L Railway, Sept-Iles, Quebec, Canada 


The Quebec North Shore and Labrador Railway has its southern terminus at Sept-Iles, Quebec. 
It extends to the Knob Lake iron-mining district 360 miles to the north. During the short, weather- 
controlled shipping season, any disruption of rail service causes serious delay in the quantity move- 
ment of ore to Sept-Iles. The southern 30 miles has been constructed in the valley of the Moisie 
River which has extensive valley-fill deposits composed of Pleistocene banded clays, sands, and 
silts. The railroad has been built in part on these sediments and is locally subject to slumping and 
sliding of adjacent slopes. During the summer of 1957 an investigation of the vibrations caused 
by train passage was begun to understand the relationships better between train activity and vi- 
brations which might cause slope failure. 

Portable refraction seismic equipment has been used to obtain records of vibrations under a 
variety of conditions. Track conditions have been investigated for relative magnitude of vibrations 
caused by normal conditions such as rail joints and switches and by abnormal conditions such as 
loose tie plates and pumping ties. Train conditions studied range from speed, both constant and 
changing, load, and time of passage. Road-bed subgrade and adjacent slope conditions, whether 
rock, fill, or banded sediments, have been investigated to note vibration-propagation characteristics 
through the different materials. 

Reduced train speeds and carefully maintained track conditions result in reduction in vibrations 
in problem areas. 


GEOLOGY AND GROUND-WATER CONDITIONS IN THE NEYVELI LIGNITE 
AREA, SOUTH ARCOT DISTRICT, MADRAS STATE, INDIA 


Paul H. Jones and V. Subramanyam 
U. S. Geological Survey, Memphis General Depot, U. S. Army, Memphis, Tenn.; Geological Survey 
of India, Calcutta, India 


Unconsolidated deposits of the Cuddalore series (Miocene) underlie much of the coastal plain of 
southern Madras. Several lignite seams occur in a thick sequence of sand, gravel, and clay that 
dips seaward about 40-100 feet per mile. The principal seam of lignite mapped in the Neyveli area 
averages more than 50 feet in thickness, underlies at least 80 square miles, and occurs at a mini- 
mum depth of 165 feet near Neyveli, where deposits totalling 230 million tons have been proved 
in an area of 414 square miles. 

The lignite seam is immediately underlain, throughout its area of occurrence, by a thick bed of 
sand and gravel that contains artesian water, the head of which is more than 100 feet above the 
top of the lignite at Neyveli. The sand and gravel aquifer is exposed to recharge in and near its 
outcrop area, 6-10 miles northwest of Neyveli, where the average annual rainfall is 41 inches. 

Hydraulic tests of the aquifer indicate that ground-water control for mining by opencast from a 
pit 6000 feet long and 1200 feet wide will require continuous withdrawal of about 40,000 gallons 
(Imperial) per minute from wells in and adjacent to the mine. The well field, including 50-65 large- 
capacity wells, must move with the open cut; no appreciable decrease in the withdrawal rate can 
be expected throughout the life of the mine, which is designed to produce about 314 million tons 
of raw lignite per vear. 


i 


OD 


MEETING IN ST. LOUIS 1595 


EFFECTS OF ELASTIC PROPERTIES OF ROCKS ON CIVIL-ENGINEERING 
STRUCTURES 


William R. Judd 
1735 Bellaire St., Denver 20, Colo. 


In recent years the engineering geologist has entered a picture formerly occupied primarily by 
mining engineers concerned with the nature of rock bursts in mine tunnels. Now, the civil engineer 
can achieve better and more economical designs by utilizing the engineering geologist to weave 
together the tectonic history of a site with the test results and the future effect of forces to be im- 
posed by the man-made structure. Knowledge of the unconfined compressive strength of rock no 
longer is considered adequate. Reliable data on the modulus of elasticity and Poisson’s ratio of 
the rocks that will underlie the structure permit the civil engineer to take advantage of the inherent 
elastic properties of the rocks. Reductions can be achieved in the amount of steel in tunnel linings, 
concrete in arch dams, support in underground chambers, and yardage to be excavated in con- 
junction with these structures. For example, tests prior to the final design of the Cubatao Under- 
ground Powerplant (Brazil) tunnels resulted in the elimination of almost 80 per cent of the lining 
steel; it was found that a considerable part of the internal hydrostatic pressure could be trans- 
mitted to the rock surrounding the lining. 

Despite the wealth of available data on rock properties, much is conflicting, uninterpreted, or 
inapplicable to civil-engineering problems. A major research problem is how to correlate field tests 
in situ with laboratory tests on rock specimens. A corollary is: “Which test method most nearly 
provides the actual im sifu properties of a rock foundation?’’. 


TEST OF TWO-DIMENSIONAL PREFERRED ORIENTATION 


J. S. Kahn 
Department of Geology and Geography, University of Rhode Island, Kingston, R. I. 


Two-dimensional orientation studies have dealt with the problems of (1) locating an origin from 
which to measure orientation when no reasonably significant geological reference system exists; 
(2) determining a measure of orientation which is invariant under a transformation of axes; (3) 
obtaining an estimator of population orientation; (4) assuming a distribution governing this esti- 
mator; (5) testing hypotheses concerned with preferred orientation. The solutions to these problems 
have been varied. The problem of location of the origin still persists. The problem of estimators 
and their distributions has resulted in a number of functions and their respective complicated dis- 
tributions. 

To facilitate the handling of two-dimensional orientation data, the following is proposed: Consider 
a sequence of orientation measurements (6;, 02, 93, 0, measured from any axis a. Then 
9 is “two-headed” and thus may assume the value @ or (@ + 180). Such a sequence will generate 
(2) combinations of absolute differences. Each difference will assume the value | 6; — 6,| or |@; — 
6; + 180| or |6; — 0; — 180], at least one of which will be smallest in magnitude. Let this smallest 
difference be min 6;;. Consider: (1) as a measure of degree of orientation, not average orientation, 


the variable @ = aici th b min 6;;, and (2) as a definition of preferred orientation, the acceptance 
nn — i<j 


of the null hypothesis that the population parameter estimated by 6 is 0. The distribution of min 4,, 
and 6 is normal, and thus tests of hypotheses can be made with the aid of standard parametric tests. 
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PROGRESS IN STUDIES ON LEACHED OUTCROPS 


W. C. Kelly, Taro Takahashi, C. H. Behre, Jr., J. J. Durek, G. E. Stoertz, and B. E. Felber, Jr. 
Dept. of Geology, University of Michigan, Ann Arbor, Michigan (Kelly); Dept. of Geology, Columbia 
University, New York, N. Y. (Behre and others) 


Studies by Locke, Blanchard, and associates on copper, lead, and zinc gossans suggest supple- 
menting their methods with modern geochemical and mineralogical techniques to aid difficult search 
for ore. Work, begun in 1954 on lead and zinc, was later extended to copper. Field and laboratory 
studies were helped by the New Mexico Bureau of Mines; mining companies (American Metal, 
American Zinc, Anaconda, Kennecott, Peru, U.S.S.R. and M., and Universal Exploration); and 
the U. S. Geological Survey Staff at Platteville. 

Results, generalized: 

(1) Mobility and distribution of oxidation products were reconfirmed in new districts. 

(2) The commonest zinc oxidation products respond to pH of ground water and climate: at Good- 
springs, Nev. (pH 8-9, rainfall 4 inches) hydrozincite preponderates; at Platteville, Wis. (pH 7- 
7.5, rainfall 35 inches), smithsonite; in eastern Tennessee (pH 4-5, rainfa]] 44 inches), hemimorphite. 

(3) In oxidized lead ores, Mo and As (e.g., wulfenite and mimetite) originate from sulfides; Va 
and P (e.g., vanadinite and pyromorphite) from carbonate rocks. 

(4) ““Boxworks” as clues require extreme caution; such textures also result from fracturing. 

(5) Color is useful locally only after the range typical for a known ore is locally established. 

(6) Porosity suggests the amount of soluble primary ions (e.g., Cu, Zn) in the sulfide ore, subse- 
quently removed. However, allowance must be made for: (a) primary ore porosity; (b) cavity filling 
by transported limonite; (c) leaching of gangue or rock. 

(7) As goethite is virtually the only form of “Jimonite” commonly developed, its relation to lep- 
idocrocite is useless as a guide to primary ore composition. 


SEDIMENTARY FEATURES OF THE ORE DEPOSITS, JEFFERSON CITY 
MINE, TENNESSEE 


David L. Kendall 
The New Jersey Zinc Company, Jefferson City, Tenn. 


The Mascot-Jefferson City zinc district, extending from about 15 to 30 miles northeast of Knox- 
ville, Tennessee, lies in central East Tennessee, in the Appalachian Valley and Ridge province. 
The ore bodies, confined to dolomitized limestone in the lower Ordovician Kingsport and Longview 
formations, are elongated and continuous with bedding but are irregular in detail. Distinction is 
made between coarse-grained and fine-grained dolomites. Both types are believed to have been 
formed penecontemporaneously with deposition. Sedimentary breccias of two principal types are 
distinguished: coarse-grained dolomite breccias located in dolomitized limestone beds and restricted 
to these beds, and fine-grained dolomite breccias, cross cutting the stratigraphic section. Ore has 
replaced the coarse-grained breccias, but the fine-grained breccias are barren. Nonsedimentary 
crackle or mosaic breccias in fine-grained dolomite have localized ore as fracture fillings. Bleaching 
of fine-grained dolomite beds is spatially related to ore deposits. Vug-filling laminated clastic dolo- 
mite with laminations apparently parallel to country-rock bedding is post-ore and suggests ore 
deposition while beds were flat. The marked stratigraphic restriction of the ore and its intimate 
relation with sedimentary structures, together with the lack of features customarily cited as cri- 
teria of hydrothermal deposition, require an unorthodox theory of origin. Concentration and de- 
position from the sea penecontemporaneously with sedimentation is suggested. Later regeneration 
of such a deposit would explain the migration of mineralization into fractured fine-grained dolomite. 
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QUANTITATIVE TRENDS AND RESEARCH NEEDS IN ENGINEERING 
GEOLOGY 


George A. Kiersch 
1010 Grosvenor Place, Oakland, Calif. 


The need for expanded quantitative data on geological features and materials is indicated by 
the growing demand in engineering practice. This trend, enhanced by successful treatment of ad- 
verse conditions heretofore considered insurmountable, offers increased research opportunities. 
Future requirements in engineering geology justify a co-ordinated research effort by specialists in 
earth science; certain desiderata are discussed. 

Additional objective data on: (1) field and laboratory techniques to emphasize the physical- 
petrographic characteristics of mappable units; (2) correlative evaluation of the comprehensive 
engineering and mineral properties of units of rock, soil, and snow-ice terrain; (3) interpretation 
and integration of field observations and analytical tests; (4) rock-soil weathering criteria indexed 
to parent material and by-products; (5) ground-water movement and permeability, specific yield 
and retention, underground barriers and reservoirs, dewatering, saturated lands. 

Synthesis of geological and related data on: (1) seismicity with potential-intensity maps; (2) 
failures of engineering works correlated with geologic factors and service record; (3) performance 
of open cuts based on material, design, and service; (4) adequate but concise form of presentation 
for engineers. 

Improved instrumentation or techniques for: (1) geophysical “mapping”—extrapolation of 
diagnostic properties of both unconsolidated sediments and rock; (2) interpreting electric logs of 
borings and utilizing low-frequency seismometers to collect physical data; (3) detecting movement 
of slopes or structures by tiltmeters; (4) measuring rate of strain along active faults, predicting 
movements and volcanic eruptions; (5) evaluating relation of water-pressure tests to grout take, 
clay-cement and chemical grouts, electro-chemical hardening and electro-osmosis of sediments; 
and (6) estimating excavation characteristics for unit-bid purposes. 


SYSTEM CaO-Al,0;-SiO.-H,O. VII: SYNTHESIS AND EQUILIBRIUM 
STABILITY OF THE CALCIUM ZEOLITES 


M. Koizumi and Rustum Roy 
Department of Geophysics and Geochemistry, The College of Mineral Industries, The Pennsylvania 
State University, University Park, Pa. 


Gels with CaO-Al,0;-SiO, ratios from 1:1:3 to 1:1:10 were prepared with SiO, supplied as the 
150A-sol “Ludox” and reacted under hydrothermal conditions. The zeolites, heulandite, wairakite, 
phillipsite, scolecite, and laumontite were also used as starting materials. 

All the zeolites, except laumontite and phillipsite, were synthesized from the gels. CASH-I and 
in addition a new zeolite phase, CASH-II, were prepared from the 1:1:3 and 1:1:4 gels. Remark- 
able phenomena were encountered by seeding the same composition with different zeolites. Natural 
phases and synthetic gels often gave entirely different results, because of the marked structural 
control. 

At 1000 atm. H2O pressure the observed temperature and products of dissociation of the zeolites 
are as follows: 


phillipsite — wairakite + H,O at 260°C 

scolecite = anorthite + wairakite + HO at 300°C 
laumontite wairakite + at 410°C 
heulandite — wairakite + SiO. + H.O at 340°C 
epistilbite — wairakite + SiO. + HO at 350°C 
wairakite = anorthite + quartz + H.O at 465°C. 
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The results are combined into a possible equilibrium diagram. P-t curves for the wairakite and 
heulandite dissociation are presented. 


SEMIQUANTITATIVE CLASSIFICATION OF LANDSCAPES IN DESERT REGIONS 


Charles R. Kolb and Jack R. Van Lopik 
U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss. 


A method of classifying landscapes based on relief, slope, slope occurrence, and plan profile is 
presented. The various ranges of these parameters chosen for inclusion in the classification are 
based on mappability, their significance from the standpoint of major natural breaks, and (because 
the study was conducted for the military) their military importance. The interrelation of these 
parameters in landscape definition, modifications in definition because of scale differences, and 
the synthesis of these parameters in a single semiquantitative landscape symbolization are dis- 
cussed. A landscape symbolized as 1L-3-1b-2, for example, would define a plain with a slope of 144°- 
2° dissected by one to five drainageways, 10-50 feet deep, within a 5-mile interval. All conceivable 
combinations of the various ranges of landscape parameters result in more than 5000 mathematically 
possible types; however, only 78 different combinations or landscape types were found in a survey 
of the North African Desert. 

Landscape classification is limited to terrain exhibiting more than 10 feet of relief. Terrain fea- 
tures exhibiting less than 10 feet of relief are classified as surface roughness. Provisions have been 
made in the classification and mapping techniques to delineate and identify smaller (component) 
landscapes within a larger (gross) landscape. The goal has been to develop as complete a landscape 
definition as possible within as simple a framework as possible. 


DIFFERENTIAL THERMAL ANALYSIS OF PYRITE AND MARCASITE 


Otto C. Kopp and Paul F. Kerr 
Department of Geology, Columbia University, New York, N. Y. 


Distinctive differential thermal curves were obtained for pyrite and marcasite using a modifica- 
tion of a technique described by Kopp and Kerr (1957). The initial oxidation peak of pyrite (50 
milligram sample; 125-149 micron fraction) occurs at about 538° C. Under similar conditions the 
initial oxidation peak of marcasite is noted at about 460° C. The writers believe that the lower-peak 
temperature reflects the relative instability of marcasite in contrast to pyrite. 

The thermal reaction products at 1000° C. are hematite and sulfur dioxide for both pyrite and 
marcasite. Intermediate products including pyrrhotite, maghemite, and magnetite may form during 
the analysis. The Curie point of ferromagnetic reaction products may be observed. 

Peak temperatures of both species are lowered by a decrease in grain size. Peak areas increase 
with sample weight in a relatively uniform manner, and greater detail is obtained for samples weigh- 
ing more than 30 milligrams. Minor reactions which occur with increasing sample weight may 
result from oxygen depletion of the sample atmosphere. The heat evolved from the same weight of 
several pyrite and marcasite samples is essentially the same. 


EFFECTS OF ZINC REPLACEMENT OF MAGNESIUM IN SAUCONITE 


Joseph Alton Kornfeld 
610 Midcontinent Building, Tulsa, Okla. 


Replacement of magnesium by zinc in octahedral positions in the lattice structure characterizes 
the sauconite member of the montmorillonite group. Degree of replacement ranges widely, and the 
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magnitude of the Zn ion ranges from 1.23 to 2.89 corresponding to 44 per cent and 94 per cent, 
respectively, of the total charge of all octahedral ions. 

A true linear relationship exists between the magnitude of Zn versus the sum of Al*? and Fe*? 
ions in octahedral co-ordination. 

The high degree of charge of sigma for octahedral ions, ranging from 2.70 to 3.06 ions, may be 
responsible for the very low magnitude of sigma for all interlayer cations, limited to the extremely 
small range of from .20 to .48 ion. The sodium/calcium ratios vary considerably in sauconite. Ad- 
sorption of potassium cation is related symmetrically to the ferric iron-silica relationships within 
the lattice structure. 

Copper is a rare constituent in clay minerals. Its entrance into the lattice structure of sauconite 
is limited to the narrow statistical range of between .61 Al ion in tetrahedral co-ordination against 
an extreme deficiency of Fe** and Mg*? of less than .25 ion in octahedral co-ordination. 

Titanium is present in most sauconites and is generally proportional to ferric iron. 


CHARACTERIZATION OF MODERN AND ANCIENT ENVIRONMENTS BY 
SPECIES DIVERSITY 


Louis S. Kornicker and H. T. Odum 
Institute of Marine Science, The University of Texas, Austin, Texas 


Consideration of species diversity provides a means of characterizing environment independent 
of particular species present. Conservatism of kinds of habitats available for animal colonization 
throughout geological time permits use of species diversity of modern environments as an aid for 
recognizing similar ancient environments by diversity of fossil species. 

Diversity may be illustrated by plotting cumulative number of species against cumulative number 
of individuals. Yount (1956) working with living diatoms found that when these parameters are 
plotted on semilogarithmic paper the slope of the curve is independent of sample size beyond a low 
minimum of counts; he suggested reporting diversity as species per cycle. In the present study the 
increase in number of species in the third cycle (100-1000 individuals counted) was selected as an 
index of diversity. 

The Diversity Index, based on total counts of accumulations of hard parts of recent marine ani- 
mals such as mollusk shells, barnacle fragments, and fish remains, decreases with salinity from 26 
for the Gulf of Mexico to 11 in the hypersaline Laguna Madre, and to 5 in Baffin Bay, the largest 
bay off the Laguna Madre, where salinities above 80 parts per thousand have been reported. Good 
agreement was obtained between the slopes of species-individual curves of macrofaunal remains 
collected from Recent and Pleistocene beaches of the Gulf of Mexico, and Recent and Cretaceous 
oyster reefs. Periodic collecting of modern shells from the Gulf of Mexico indicates that seasonal 
variation in abundance of individuals of the various genera inhabiting the Gulf of Mexico has little 
effect on the Diversity Index. 


For abstract of paper by D. S. Korzhinskii, see p. 1670. 


COMPACTION OF PLANT DEBRIS-FORMING COAL BEDS 


Robert M. Kosanke, Jack A. Simon, and William H. Smith 
Illinois State Geological Survey, Urbana, Il. 


This investigation was concerned with the thickness of plant debris and its subsequent compaction 
to form coal beds in Pennsylvanian time. The investigation was based on a nearly complete sequence 
of coal balls replacing the Illinois Herrin (No. 6) Coal in a restricted area in Gallatin County, IIli- 
nois. A diamond-drill core containing the sequence of coal balls is 10.2 feet thick. Coal balls appear 
in 9 feet of this thickness, and 7.25 inches of coal occurs between the coal balls. The remainder is 
shale, most of which is at the approximate position of the blue band, a persistent shale parting 
occurring in the coal. The average thickness of the No. 6 Coal in the immediate area is 3 feet, so 
the compaction ratio is approximately 3 to 1. 
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Examination of the plant debris preserved in the coal balls shows a large amount of degradation 
prior to coal-ball formation, suggesting that some compaction occurred prior to coal-ball formation. 
The amount, however, is uncertain. Several seeds found in the debris provide an exception to the 
general plant degradation. They are excellently preserved and in some cases show little compaction. 


STUDY ON CALCITE AND DOLOMITE IN SEA WATER 


James R. Kramer 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


The solubility products and stability regions of calcite and dolomite were investigated in sea 
waters of 35, 45, and 60 % salinity, at 5°C. and 25°C., and atmospheric conditions of Pop. 

Calcite is the stable carbonate in all sea water of normal composition from 35-60 % salinity. 
At 5°C., the solubility products of calcite in 35, 45, and 60 % salinity sea waters are 2.8 X 10-6, 
4.0 X 10-6, and 4.4 X 10-6 respectively; at 25°C., the solubility products of calcite in 35, 45, and 
60 % salinity sea waters are 0.86 X 10~, 1.4 X 10-*, and 1.9 X 10-® respectively. Comparison 
of these results with oceanographic data shows that all sea water at 25°C. is saturated with respect 
to calcium carbonate, whereas all sea water at 5°C. is undersaturated with respect to calcium car- 
bonate. 

Dolomite is the stable carbonate in sea water when the (Mg*~*)/(Ca**) ratio is greater than 
that of sea water of normal composition. At 25°C., the solubility products of dolomite in 35, 45, 
and 60 % salinity sea waters are 1.4 X 10-', 2.0 X 10-", and 3.0 X 10~™ respectively. The (Mg**)/ 
(Ca**) ratio for calcite and dolomite equilibrium at 25°C. is 19 at 35 G, 10 at 45 % o, and 7.9 at 
60 %¢ salinity. Extrapolation of the (Mg**)/(Ca**) ratios for calcite and dolomite equilibrium with 
salinity to the (Mg**)/(Ca**) value of sea water of normal composition (5.25) shows that dolo- 
mite becomes stable in sea waters of normai composition of greater than 95 %p salinity. 


DISTRIBUTION OF ELEMENTS AMONG COEXISTING GARNET, BIOTITE, AND 
HORNBLENDE IN GRENVILLE GNEISSES FROM QUEBEC 


Ralph Kretz 
Geological Survey of Canada, Oltawa, Canada 


An investigation has been made of the distribution of Fe, Mg, Mn, Ti, V, Cr, Zr, Y, and Sc among 
coexisting garnet, biotite, and hornblende in Grenville gneisses from southwest Quebec. 

Orderly distributions are shown by: 

(1) A constant distribution coefficient (e.g., Mn/Fe + Mg + Mn in garnet + Mn/Fe + Mg + 
Mn + Ti in biotite = constant). 

(2) A distribution, when expressed graphically by means of a distribution diagram (Roozeboom 
diagram) is a curved line that passes through the origin (e.g., Mg/Fe + Mg + Mn + Ti in biotite 
plotted against Mg/Fe + Mg + Mn of coexisting garnet, with the restriction that the garnets 
are low in Ca and Mn, produces a distribution curve or distribution function). 

(3) The distribution coefficient or function of an element is dependent on the concentration of 
another element in one of the minerals (e.g., the distribution coefficient of V in garnet-hornblende 
is dependent on the amount of Ca in the garnet). 

Nonorderly distributions of some elements (e.g., Zr, Cr) among garnet, biotite, and hornblende 
are possibly caused by the presence of small inclusions of simple oxides or silicates of the elements 
in the minerals. 

Orderly distributions are interpreted, with reference to thermodynamics, as a result of the estab- 
lishment of a high degree of chemical equilibrium in the rocks. 
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FACIES 


Paul D. Krynine 
Dept. of Mineralogy and Petrology, The Pennsylvania State University, University Park, Pa. 


A rigorously operational, physico-chemical phase-system type approach, free of stratigraphic 
semantics, shows that lateral changes within sediments, or “facies”, in order of decreasing extent, are 
(1) First-order changes, subcontinental to geosynclinal: 

(a) Static, synchronous coexistence of diverse sedimentary systems 
(b) Dynamic, isochronous movement of a “rolling complex’’ of coupled sedimentary systems 
during major tectonic episodes 
(2) Second-order changes, either cross-basinal or limited to tectonic subblocks (15-40 miles): 
(a) Changes within a system, as one phase encroaches upon another through ratio fluctuations 
in factor 3 (a). 
(b) Changes within one phase along a gradient, utilizing factor 3 (b). 
(3) Third-order changes, more or less local: 
(a) Inherent to a system—i.e., ordered juxtaposition of inevitable phases, and their migration 
as a fixed systemic property 
(b) Inherent to a phase, namely its character either as an influx locus (essentially a systemati- 
cally varying singleton) or a fill-in locus (essentially an expansion-susceptible doublet). 
Satellitic rock types, secular tendencies, and accidental chance occurrences characteristic 
of a given locus add minor complications. 

At any space-time point the general character or “facies” of a sediment represents the interaction 
of factors 1, 2, and 3, as shown by examples from the Appalachian and Rocky Mountains geosyn- 
clines. Methods are being devised to unscramble these interactions. 

Incidentally, most of the interesting and tantalizing phenomena of sedimentary cyclicity, peri- 
odicity, and rhythm can be theoretically derived, operationally defined, and empirically checked 
from the system-phase model. 


ALKALI FELDSPARS FROM ORE AND NONORE-BEARING PARTS OF 
SOME INTRUSIVE PORPHYRIES* 


Frederick J. Kuellmer, John H. Carmen, and Jacques R. Renault 
New Mexico Bureau of Mines and Mineral Resources, Socorro, N. M. 


Orthoclase feldspars from the Castle Dome, Copper Cities, and Inspiration mining areas, and 
the Schultze granite, near Miami, Arizona, have been studied. Sixteen analyses of orthoclase from 
the various rock units show that the average bulk composition of the alkali feldspar is Orzo (range: 
Org-Org2) in the nonore areas, and in ore areas (areas of moderate hydrothermal alteration) Org; 
(range: Ors:-Org). On the basis of the (201) intensity ratios of all (59) orthoclase perthite samples, 
the estimated bulk composition (+10 wt.%) and range of measurements for each area are: Schultze 
granite, Orgs (Orss-Orzs); Castle Dome ore, Oro (Orzs to more than Org); Castle Dome nonore, 
Orz (Ores-Orse); Copper Cities ore, Ors: to more than Org); Copper Cities nonore, (Ores 
to more than Org); Inspiration ore, Org; (Ors:—Ore;); and Inspiration nonore, Orzo (Ore:—Orz:s). 
Preliminary X-ray diffractometer studies, while heating to 800°C., suggest that the orthoclases 
from the ore areas are in a higher-temperature state than those of the surrounding nonore areas 
including the Schultze granite. Orthoclase perthites from the ore areas show a smaller (201) thermal 
expansion (more like sanidine than microcline) and/or a greater remixing of the perthite phases 
by heating. 


* Published with permission of the Director, New Mexico Bureau of Mines and Mineral Re- 
sources. 
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DIFFERENCES IN THE (201) THERMAL EXPANSION OF SOME PERTHITIC 
ALKALI FELDSPARS* 


Frederick J. Kuellmer, Jacques R. Renault, and John H. Carmen 
New Mexico Bureau of Mines and Mineral Resources, Socorro, N. Mex. 


Eighteen perthitic alkali feldspars from different geologic environments with bulk compositions 
of Orsg to Ores have been X-rayed (CuKa radiation) during heat treatment at 800° (+10°) C. on 
a powder diffractometer. As a comparison the thermal expansion of the (201) planes of synthetic 
sanidine, microcline, high-, and low albite and the (1010) plane of quartz have been measured to 
800°C. The decrease in 2@ of these reflections at the maximum temperature is as follows: synthetic 
sanidine, 0.01 (+.03); microcline, 0.20; high- and low albite, 0.20; and quartz, 0.29. Maximum 
decrease in 26 of (201) for the synthetic sanidine and other natural homogeneous sanidines is 0.10 
and occurs in the range 560°-620°C. Almost all natural orthoclase and sanidine specimens show a 
(201) thermal contraction (or increase in 26 of 0.20 or less) during heat treatment which appears 
correlative with the deduced thermal state of the feldspar on the basis of the geologic setting, and 
is the probable result of remixing of both perthite phases. Continued heating (10-15 hours) after 
the interval of thermal contraction produces little or no further change in the (201) spacing which 
then has a 26 decrease equal to or less than that of microcline and showing any intermediate value. 
Several perthite samples add a quartz (1010) reflection only after prolonged heating, suggesting a 
perthite-quartz intergrowth on a very fine scale. 


CuyS;—Cu;FeS, SYSTEM 


G. Kullerud and E. H. Roseboom, Jr. 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C. 


The digenite-bornite join, which is binary below about 900°C., is being studied as part of a de- 
tailed investigation of the phase relations in the ternary system Cu—Fe—S. The experiments were 
performed in evacuated, sealed silica glass tubes so that a vapor phase was always present. D.T.A. 
investigations showed that digenite inverts from the low-temperature rhombohedral form to the 
cubic form at about 58°C. Bornite inverts from the low-temperature orthorhombic form to the 
cubic form at about 190°C. The extent of solubility of Fe in CuyS; at a given temperature depends 
upon the metal-to-sulfur ratio of the charges. In the presence of a sulfur-rich liquid digenite takes 
considerable iron into solid solution; the Cu/Fe ratio of the mix crystals reaches that of bornite 
at about 540°C. If, however, the composition of the charge lies on the join bornite-digenite, com- 
plete solid solution exists down to about 400°C. In X-ray powder diffraction patterns of the homo- 
geneous mix crystals the reflections with all even indices remain constant in intensity over the 
entire solid-solution series, but the positions of these peaks vary consistently and markedly with 
composition. Reflections with all odd indices, which are of medium intensity in the bornite pattern, 
become gradually weaker as the solid-solution composition changes toward digenite. With slow 
cooling bornites synthesized in the region 400°-700°C. yield diffraction patterns which can be in- 
dexed with the orthorhombic parameters given by Frueh (1950). With rapid cooling, however, no 
reflections appear which cannot be indexed on the basis of a, = 10.97 A. 


COMPARISON OF TOXIC AND NONTOXIC SELENIFEROUS SOILS 


H. W. Lakin 
U. S. Geological Survey, Denver, Colo. 


It has long been known that some seleniferous soils produce toxic vegetation and other equally 
seleniferous soils do not. Although selenium in soils may be attributed to parent material, its availa- 


* Published with permission of the Director, New Mexico Bureau of Mines and Mineral Resources. 
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bility to vegetation is governed by soil-forming processes and the resulting pH. Selenium is avail- 
able to plants in alkaline soils and unavailable in acid soils—a fact which may be explained by the 
variation of the oxidation potential of the SeO;"-SeO,~ couple with pH. Thus, in a moist alkaline 
soil, selenium could be oxidized by air to the selenate and become readily soluble. In western United 
States, Canada, Colombia, South America, and Israel, the toxic seleniferous calcareous soils (pH 
6.5-8.5) contain 0.2 ppm selenium or more, produce toxic vegetation of high selenium content, 
and contain selenates. Likewise the toxic seleniferous soils of Ireland, which are developed under 
a high rainfall, are alkaline (pH 6.2 to 8.1) and contain selenates. 

Under acid conditions oxidation to the selenate is not favored, and an insoluble basic ferric sel- 
enite is formed. Examples of nontoxic seleniferous acid soils are gray-brown podzolic soils of Puerto 
Rico that contain 2-12 ppm selenium and humic latosols of Hawaii (pH 4.0-5.2) that contain 0.4- 
20 ppm selenium. 

The presence of selenium-accumulator plants in the alkaline seleniferous soils may be explained 
by Vinogradov’s theory of biogeochemical provinces. Through ages of exposure to a seleniferous 
environment, certain species acquire first a tolerance then a need for selenium, and finally thrive 
only on seleniferous soils. 


GAS CHROMATOGRAPHIC STUDY OF A CLAY MINERAL-ORGANIC SYSTEM: 
DETERMINATION OF ACTIVITY COEFFICIENTS AND HEATS OF 
ADSORPTION 


Carl E. Legate 
Research Laboratory, Shell Oil Company, Wood River, Til. 


Gas chromatographic determination of heats of adsorption and activity coefficients of various 
organic adsorbates on montmorillonite indicate that (1) physical adsorption and/or aqueous solu- 
tion is the principal mechanism by which montmorillonite-organic complexes form; (2) hydrocarbons 
have a higher mobility in sediments than polar organic constituents, especially in the early stages 
of diagenesis; and (3) water is essential to the natural reversible formation of montmorillonite- 
organic complexes and may play an important role in the natural physical separation of organic 
sediments. ; 

Gas chromatography offers an additional quantitative geochemical technique for studying rela- 
tionships between ‘“‘complex organic matter” and sediments. Its principal advantages lie in the 
possibility of studies of systems at near infinite dilution under carefully controlled environments. 
Parameters are measured which take due account of temperature of the system, vapor pressure of 
the adsorbate, and adsorbate-adsorbate molecular interactions. 

The technique of gas solid chromatography has been applied to the study of a clay mineral-organic 
system. An API standard clay mineral, montmorillonite, H-26 bentonite, Clay Spur, Wyoming, 
was used as the adsorbent. Ten organic compounds plus water were used as adsorbates. The organic 
compounds were n-hexane, cyclohexane, benzene, toluene, acetone, acetonitrile, 1-propanethiol, 
methanol, ethanol, and n-propanol. Heats of adsorption and activity coefficients of the various 
adsorbates on montmorillonite were determined over the temperature range of 40~90°C. 


PRINCIPLES AND VIEWPOINTS IN FORMULATING THE CLASSIFICATIONS OF 
THE PLEISTOCENE 


Morris M. Leighton 
611 West Pennsylvania Ave., Urbana, Ill. 


Criticisms in the current report of the Pleistocene Committee of the present classification sug- 
gest inadequate familiarity with the classic area in the Middle West. The three- or four-fold classi- 
fication that it recommends, excellent as it may be for the older rocks, is not compatible with the 
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nature of the Pleistocene. Insistence on type sections is unwise because few are possible, and there 
are other features that are equally essential which are not common to the older rocks. Emphasis on 
time-parallel boundaries needs reappraisal, amendments, and other important revisions of statement, 
as do also the subjects of soil-stratigraphic units and biostratigraphy. Certainly the virtues that 
lie in simplicity are not there. 

The classification for the older rocks is the natural result of acquiring an understanding of them, 
just as the present classification of the Pleistocene has evolved from decades of investigation. In a 
real sense the classic area comprises the type subareas for all the known stages and substages in 
North America. So profound were the effects of the climates on most geological processes nearly 
everywhere, even in the depths of the ocean, that correlations with the glacial and interglacial 
stages of the Pleistocene are sought from all quarters. 

The opportunity that the Pleistocene of Kansas affords for correlating the nonglacial deposits of 
the Southwest with those of the continental drift area is noteworthy indeed, but for purposes of 
classification the more nearly complete record of the classic area should be heeded. 


EXPANDING-LATTICE CLAY MINERALS IN LOESS OF SOUTHERN INDIANA 
AND NORTHERN KENTUCKY* 


R. K. Leininger, John B. Droste, and William J. Wayne 
Indiana Geological Survey, Bloomington, Ind. 


Based on X-ray examination of clay fractions of loess, the expanding-lattice clay minerals, “‘soil- 
montmorillonite,” are identified as degraded (weathered) hydrous sheet silicates. 

Excellent stratigraphic representation was provided by a composite profile located 1 mile south- 
east of Shawneetown Ferry Landing, Kentucky, (vertical thickness given in feet): 


Soil (Sangamon), (parent material probably loess)...............0.......000005. 
Soil (parent material presumably sandstone of Pennsylvanian age)............... 3 


Loess (Peorian), oxidized, calcareous (upper 2.8 feet leached)................... 60 
5 
7 


A portion of the clay minerals in samples of each unit is characterized by a broad diffraction peak 
between 12 and 15 A, which shifts to 17 A after glycolation and sharpens at 10 A after heating to 
450°C. The component is usually identified as montmorillonite, but a shift of the diffraction peak 
to about 10 A on potassium saturation (unchanged after glycolation) reveals lack of ideal mont- 
morillonite structure. The component that collapses with potassium saturation is derived from 
micas by removal of interlayer cations. It is more abundant in more highly weathered loess; in less 
weathered units, illite and chlorite are less degraded and more recognizable. Degradation by weather- 
ing of illite (and perhaps chlorite) produces the expanding lattice clay minerals or “soil-montmoril- 
lonite” in loess. 

Unweathered loess was not found. Expanding-lattice minerals in the soil developed on Pennsy]- 
vanian sandstones prior to loess deposition indicate that some “soil-montmorillonite’’ might have 
been deposited as a primary mineral in loess, having been derived from preglacial or interglacial 
soils. 


* Published by permission of the State Geologist, Indiana Geological Survey, Bloomington, 
Indiana. 
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BEHAVIOR OF CARBONATE ROCKS AS CONCRETE AGGREGATES 


John Lemish, Ramon E. Bisque, and Carl L. Hiltrop 
Department of Geology, Iowa State College, Ames, Iowa 


Research on behavior of carbonate rocks as aggregates was undertaken when failure of certain 
Iowa concrete highways indicated the need for determining potentially deleterious aggregates. De- 
vonian rocks from the condemned Glory quarry were studied and compared with acceptable aggre- 
gates quarried elsewhere from the same formation. Physical-chemical properties, including insoluble 
residue, porosity, pore-size distribution, clay minerals present, freeze-thaw resistance, Ca/Mg 
ratios, and potentially deleterious substances (silica and sulphate) were determined, and thin sec- 
tions were studied. Distress concrete containing Glory aggregate and good concrete were studied. 

Research results indicate that deleterious rock types related to distressed concrete are character- 
ized as high insoluble-residue carbonates containing clay (illite). Such rocks cause distress in con- 
crete by (1) lowering the freeze-thaw resistance of concrete because of their characteristic pore-size 
distribution, and (2) reacting chemically with concrete, producing silicified reaction rims in the 
aggregate. 

The source of rim silica presents a related problem in the mechanism of reaction. If the source is 
the aggregate then rim zones result from the “alkali-aggregate” reaction commonly associated with 
siliceous aggregates in high-alkali cements. An alternative silica source favored by the investigators 
is hydrated cement paste which contributes mobile silica to selectively replace certain carbonate 
aggregates. This is considered a “silica-aggregate’’ reaction that withdraws silica from the cement 
paste, thereby weakening the concrete. 

Research indicates that physical and chemical stability of carbonate rocks in a wet alkaline con- 
crete environment must be seriously considered. 


ISOTOPIC AGES OF ROCKS IN THE VICINITY OF THE CITY OF NEW YORK 


L. E. Long and J. L. Kulp 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


The igneous-metamorphic complex in the vicinity of the city of New York consists of two major 
subprovinces: the New Jersey-New York Highlands, an elongated belt trending northeast from 
western New Jersey across the Hudson River to northwestern Connecticut, and the Manhattan Prong 
lying south of the Highlands bounded on the west by the Hudson River and on the south by Long 
Island Sound. Eight K-A and three Rb-Sr ages on mica indicate that the most recent metamorphism 
of the Manhattan Prong rocks took place 320-370 m.y. ago. In the Highlands between Franklin, 
New Jersey, and Bear Mountain, New York (west of the Hudson River), eight K-A and two Rb-Sr 
determinations give apparent ages in essential agreement, ranging from 820 to 890 m.y. These ages 
are interpreted as the approximate time of the original metamorphism in the Highlands. East of 
the Hudson River, where the Highlands are in a region which has been affected by both metamor- 
phisms, the apparent isotopic ages of these older rocks have been altered by the more recent meta- 
morphic event. 


METAGABBRO OF THE OKANOGAN VALLEY, WASHINGTON 


R. W. Lounsbury 
Engineering Geology Division, Purdue University, Lafayette, Ind. 


Metagabbro bodies, usually less than 1 mile in longest dimension, occur in the Okanogan Valley, 
Washington, near the Canadian boundary. They commonly contain hornblende, actinolite, epidote, 
chlorite, clinozoisite, and sodic plagioclase as the principal minerals. In addition, many outcrops 
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near the Similkameen batholith on the west contain microcline, tourmaline, and quartz. These 
minerals generally increase in abundance toward the Similkameen granodiorite. 

Textures and mineralogy indicate that these rocks were derived chiefly from gabbro, but in part 
from dolerite and basalt. Gabbroic textures are commonly preserved in rocks where uralitic amphi- 
bole has replaced augite and plagioclase is clouded with clinozoisite. 

The metagabbro is mineralogically similar to the associated Anarchist metavolcanic rocks of 
probable late Paleozoic age and may be a subsurface representative of this volcanic cycle. Both the 
metagabbro and the enclosing Anarchist metamorphic sedimentary and volcanic rocks are intruded 
by late Mesozoic or early Tertiary malignite and granodiorite. 

These relations suggest that small bodies of gabbro and finer-grained equivalents were regionally 
metamorphosed with the Anarchist series. Uralitization of the pyroxene and saussuritization of the 
plagioclase produced the metagabbro. Subsequently emplacement of the Similkameen granodiorite 
profoundly altered the adjacent metagabbro through additive contact metamorphism. 


MAJOR THRUST FAULT IN SOUTHEASTERN CONNECTICUT 


Lawrence Lundgren, Jr., Richard Goldsmith, and George L. Snyder 
Geology Department, University of Rochester, Rochester, N. Y.; U. S. Geological Survey, 
Federal Center, Denver, Colo.; U. S. Geological Survey, Federal Center, Denver, Colo. 


Medium- to high-grade Paleozoic(?) schists, gneisses, and granites in southeastern Connecticut 
are cut by a major overthrust, here called the Honey Hill fault, which has been mapped for 25 
miles eastward from Chester nearly to Preston without apparent repetition of the stratigraphy on 
either side of the fault. The fault plane dips 10°-35° N. parallel to the underlying metasedimentary 
rocks (Plainfield quartz schist of Gregory, 1906, and various plagioclase gneisses) and mica-poor 
Sterling granite gneiss. Above the fault the micaceous Canterbury granite gneiss of Gregory (1906) 
and a different suite of metasedimentary rocks (Putnam gneiss, Hebron gneiss, Scotland schist of 
Gregory, 1906) are horizontal or dip gently to steeply west. The fault is marked by a zone a mile 
wide of mylonitized and crushed rocks, and, locally, small ultramylonite dikes occur. Overthrusting 
has produced a pattern of isoclinally folded stratigraphic units north of the fault which suggests a 
strike-slip north-side-east displacement, but mineral lineation indicates that at least the final move- 
ment was parallel to the dip. Displacement must have been many miles. 

The Honey Hill fault has been folded, and its crush zone variably reconstituted and metasomatized. 
At Chester the fault swings south into the east limb of an attenuated isoclinal syncline. Near Pres- 
ton the contact between the two major rock sequences swings northward into Massachusetts, and 
crush zones along it indicate that faulting may continue for many miles to the north and northeast. 


GENESIS OF CHERT IN THE MIDDLE DEVONIAN BOIS BLANC FORMATION, 
MICHIGAN AND ONTARIO 


L. Douglas Lusk and L. I. Briggs 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


The Bois Blanc formation is characterized by large amounts of chert associated with dolomite 
and limestone; in some areas chert constitutes 70 per cent of the section. Examination of well samples 
from Michigan and Ontario shows three principal lithologic associations: (1) cherty limestone, with 
most of the chert near the bottom of the unit; (2) cherty limestone overlying cherty dolomite, with 
dolomite containing larger amounts of chert; and (3) cherty dolomite, with chert more abundant than 
dolomite in some areas. In the central Michigan Basin and in Ontario, the carbonate rocks of the 
formation consist almost entirely of limestone. Along the northwest, west, and south edges of the 
basin, the carbonates are entirely dolomite. Between these two areas is one in which limestone over- 
lies dolomite. Chert is common to all areas. 

Limestone is associated with thicker deposits, and dolomite with thinner, suggesting limestone 
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deposition offshore and dolomite deposition in near-shore, marginal shelf areas. Occurrence of the 
greatest quantities of chert shoreward of dolomite suggests that the chert formed from silica carried 
into the sea by rivers and deposited near shore. 

The stratigraphy of the Bois Blanc and related formations is reinterpreted as indicating nearly 
continuous rather than discontinuous deposition. The Sylvania sandstone is here regarded as a 
beach facies of the late Bois Blanc, Amherstburg, and early Lucas carbonate rocks. 


STUDIES IN THE SYSTEM IRON OXIDE-TiO, 


J. MacChesney and Arnulf Muan 
College of Mineral Industries, The Pennsylvania State University, University Park, Pa. 


Phase equilibria in the system iron oxide-TiO, in air have been investigated in the liquidus tem- 
perature region and at temperatures extending into the subsolidus region. Stability relationships 
among the phases spinel solid solution (FeO-Fe,0;-2FeO-TiO2z), hematite solid solution (Fe,0;- 
FeO- TiO), pseudobrookite solid solution rutile solid solution, liquid, and 
gas are illustrated in an apparently binary diagram obtained by projecting ternary phase relation- 
ships in the system FeO-Fe,0;-TiO: into the join FeO-Fe,03-TiO2. Apparent eutectic and peritectic 
points in this join are in reality intersections between the 0.21 atm. O; isobar and univariant lines in 
the ternary system FeO-Fe.0;-TiO,. The temperatures, and the phases coexisting in equilibrium at 
these “invariant” situations, are as follows: At 1524°C. spinel(ss), hematite(ss), a liquid of compo- 
sition 20FeO, 68F e203, 12 wt. % TiO2, and gas (poz = 0.21 atm.) are present together in equilibrium. 
Hematite(ss), pseudobrookite(ss), liquid (17FeO, 56Fe.0;, 27 Wt. % TiO:), and gas (pop = 0.21 
atm.) coexist in equilibrium at 1493°C. At 1515°C. pseudobrookite(ss), rutile(ss), liquid (22FeO, 
20Fe,0;, 58 Wt. % TiO2), and gas exist together in equilibrium. Most noteworthy among the sub- 
solidus relationships is the marked stabilization of the hexagonal structure of hematite relative to 
the spinel structure of magnetite as TiO, is added to iron oxide. 


ORE CONTROLS IN THE KARNES COUNTY URANIUM AREA, TEXAS 


J. A. MacKallor and Carl M. Bunker 
U.S. Geological Survey, Washington, D. C., and Denver, Colo. 


The principal ore host rock in the Karnes County uranium area, Texas, is the Stones Switch 
sandstone member (Ellisor, 1933) of the Jackson formation (upper Eocene). Most commonly the 
Stones Switch consists predominantly of sand, grading into silt at the base. In western Karnes County, 
however, the lithologic sequence changes significantly. Most of the important ore bodies are several 
hundred feet up dip from a mudstone-filled “channel” cut deeply into or through the Stones Switch. 
The channel roughly parallels the north to northeast strike of the Stones Switch, is from 200 to 400 
feet wide, and is about 25 feet deep. 

Adjacent and parallel to the mudstone channel the Stones Switch consists of a sequence of alter- 
nating sands, silts, and mudstones in contrast to the sand that predominates elsewhere. The most 
important deposits are in the sequence of varied lithology of lower permeability rather than in the 
more permeable sandy facies. 

In one locality gamma-ray logs show a radioactive zone along the bedding, extending down dip 
from a small ore deposit to the mudstone channel where the radioactive zone ends abruptly. 

The mudstone channel and changes in lithology and permeability seem to have influenced the 
deposition of ore, evidently through control of ground-water movement in a suitable reducing en- 
vironment. 
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FLOOD-PLAIN ORIGIN OF THE HAGERMAN LAKE BEDS, SNAKE RIVER 
PLAIN, IDAHO 


Harold E. Malde and Howard A. Powers 
U. S. Geological Survey, Denver, Colo. 


Sedimentary and volcanic features and paleoecology of an ancient canyon fill near Hagerman, 
Idaho, once regarded as lacustrine (H. T. Stearns, 1936), show that it represents flood-plain aggrada- 
tion. More than 550 feet thick, the fill consists mostly of layers of drab and olive-colored silt a few 
inches to several feet thick that grade upward into dark clay, commonly bearing the marks of former 
plant roots. Intercalated with these graded beds are a few layers of sand that rest on scoured sur- 
faces having a few inches of relief (rarely, a few feet) apparently marking floors of channels. During 
the accumulation of the lower part of these sediments, two showers of volcanic ash fell on the flood 
plain and were preserved by deposition of clay. Subsequently, a basalt flow spilled out upon the wet 
flood plain, developing some pillows along its base, but open vesicles and columnar joints above. 

The fossils also record a flood-plain environment. Besides land vertebrates at the famous Plesippus 
quarry (C. L. Gazin, 1936), there are numerous mollusks scattered throughout, which D. W. Taylor 
interprets as inhabitants of ox-bow ponds, sloughs, and marshy stream borders. A collection of dia- 
toms is regarded by K. E. Lohman as dominated by shallow-water species that lived either attached 
to water plants and stones or in moist soil and puddles. 


ABSORPTION AND PLEOCHROISM IN SYNTHETIC RUBY 


Joseph A. Mandarino 
Michigan College of Mining and Technology, Houghton, Mich. 


The quantitative expression of absorption and pleochroism has received little attention from 
mineralogists because of the expense of spectrophotometers. A spectrophotometer must be used to 
measure absorption, but pleochroism can be measured directly without elaborate instruments. 
Pleochroism can be expressed quantitatively as biabsorption: the difference between the two absorp- 
tion coefficients associated with a given wave-normal direction. There are two generally applicable 
methods of measuring biabsorption. One method uses a standard retardation compensator and a 
rotatable analyzer and is very similar to the method for the determination of bireflection in ore 
microscopy. The second method depends on visually matching the brightness of two images formed 
by a double-image plate. 

Absorption coefficients and biabsorption were determined for two synthetic ruby samples, one 
colored pink by 0.11 % Cr2O; and the other colored deep red by 1.40 % CreO;. The maximum value 
of the absorption coefficient for the ordinary ray occurs at 560 my for both samples, while the maxi- 
mum value for the extraordinary ray in both samples occurs at 550 my. Values of the absorption 
coefficients at the peak wave lengths are: k, = 34.9 X 10-°, k, = 25.4 X 10-® (for the pink ruby) 
and kw = 311.0 X 10-6, k, = 138.2 X 10-6 (for the red ruby). The maximum negative (k, < kw) 
value of biabsorption for both samples occurs at 570 mu. These biabsorption values calculated from 
the absorption coefficients are —10.4 X 10-§ and —184.1 X 10-6 for pink and red ruby, respec- 
tively. Those obtained by the visual-matching method are —10.0 X 10-* and —193.0 X 10-®. 


COMPARISON OF THE PHYSICAL PROPERTIES OF URANIUM-BEARING 
ROCKS IN THE COLORADO PLATEAU AND IN THE GULF COAST OF 
TEXAS 


G. E. Manger 
U. S. Geological Survey, Washington, D. C. 


Physical properties of cores obtained by drilling with oil-base mud to depths of 300 feet ina uranium 
area in the Gulf Coast of Texas are similar in part to properties of cores from similar depths in several 
uranium areas in the Colorado Plateau. 
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The ore, whether oxidized or unoxidized, is a few feet below the top of a relatively saturated sand- 
stone unit, or water zone, which is overlain by a relatively dryer or desaturated zone. In the perme- 
able desaturated and water zones in the Gulf Coast area, 65 and 94 per cent, respectively, of the 
pore space is occupied by formation water; in the Colorado Plateau areas these zones contain 6 and 
30 per cent pore water, respectively. These zones are probably below a perched water table in the 
Colorado Plateau areas and probably below the regional water table in the Gulf Coast area. 

The ore in all areas represents concentrations of uranium in 1-3 feet of sandstone of variable 
permeability lying within a thicker and relatively permeable sandstone body. Water leaches of the 
cores yield soluble material greatly exceeding that in the formation water and show minimum pH 
in and near the ore. The Gulf Coast samples show increased chlorinity with increased concentrations 
of uranium. Concentrations of carbonaceous material occur with and outside of concentrations of 
uranium. 


SEDIMENTARY PETROLOGY OF THE EXETER SANDSTONE, NORTHEASTERN 
NEW MEXICO* 


Charles J. Mankin 
Division of Geological Sciences, California Institute of Technology, Pasadena, Calif. 


The Exeter crops out as a persistent stratum of poorly cemented, white to buff-red sandstone 
over much of northeastern New Mexico. Typical exposures occur along the base of the Canadian 
Escarpment, along the northern edge of the Llano Estacado, in the Canadian River Canyon, and in 
the Canyon of the Dry Cimarron. It disconformably overlies the Dockum group (Triassic), in a 
few places with pronounced angularity. It is conformably overlain by the Morrison formation; at 
many localities Exeter lithology is gradational into Morrison lithology. The thickness of the Exeter 
lithosome ranges from a few feet to 150+ feet. 

Field and laboratory studies indicate that the Exeter was deposited as a dune sand in an interior 
basin. The source area to the northwest contributed sedimentary, metamorphic, and igneous ma- 
terial. Cross beds, many in excess of 40 feet in length, dip southeast. The mean grain size of the 
sandstone body decreases, and the feldspar content increases to the southeast. Mineralogically, the 
Exeter is a chert-bearing subarkose (5-25 per cent feldspar). Garnet, staurolite, tourmaline, zircon, 
and rutile are present in small amounts. 

The paleoclimate was arid as indicated by fresh feldspar, well-rounded but unetched metastable 
heavy minerals, and celestite cement in small playa lake-type deposits. 


PETROGRAPHY AND MODE OF SULFUR OCCURRENCE OF A COLUMN OF 
PITTSBURGH SEAM COAL 


Silas P. Mansfield and Russell R. Dutcher 
Department of Geology, The Pennsylvania State University, University Park, Pa. 


A column of the Pittsburgh seam measuring 64 inches thick was collected in Washington County, 
Pennsylvania. From this column 16 polished blocks and 142 thin sections were prepared such that 
the entire seam was covered by both methods. Sixty-four sulfur analyses were also made, each 
representing an “inch-level” of the seam. 

Examination of the sulfur analyses showed that the percentage of total sulfur in the seam is not 
constant throughout, but ranges from 0.26 to 5.44 per cent. The organic sulfur, on the other hand, 
shows a lesser variation from 0.75 per cent near the top to 1.50 per cent near the bottom of the seam. 
The sulfate and sulfide sulfur show a concentration near the top and bottom of the seam, another 
peak approximately 35 inches from the top of the seam, in a lithotype associated with the “bearing- 
in-bands”, and a fourth peak at the 41- to 42-inch level. 


* Presented by permission of Director of the New Mexico Bureau of Mines and Mineral Resources, 
Socorro, New Mexico. 
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From a study of the master column and thin sections the seam was divided into 16 lithotype zones. 
Of particular significance is the fact that each sulfur peak fell within the boundaries of an individual 
lithotype. It is also interesting to note that the lithotypes which contain the high sulfur peaks were 
not all of the same type. Certain ones are high in vitrinoids, while others are high in their fusinoid 
content. The principal modes of occurrence of the sulfur are as cleat fillings—both gypsum and 
pyrite—and as cell fillings in the fusinoids and microcrystalline aggregates of pyrite in the vitrinoids. 


GROUND-WATER CONDITIONS AND THE RELATION TO URANIUM DEPOSITS IN 
THE GAS HILLS AREA, FREMONT AND NATRONA COUNTIES, WYOMING 


Lawrence Y. Marks 
321 North Broadway, Riverton, Wyo. 


As ground water apparently leaches, transports, and deposits uranium in the Gas Hills area, cen- 
tral Wyoming, it is important to understand its distribution, movement, and relation to geology and 
ore bodies. Water-table maps were prepared of the Wind River Basin; the most detailed work was 
in the Gas Hills area. 

The water table in the Gas Hills area slopes generally to the northwest, ranges in depth from 
near the ground surface to more than 200 feet, and has seasonal fluctuation of about 5 feet. Perched 
water tables and artesian conditions occur locally. 

The oxidized-unoxidized rock contact is probably roughly parallel to the water table and averages 
about 25 feet above it although locally the two surfaces are considerably farther apart and the oxi- 
dized-unoxidized contact may be below the water table. In many places the gradient of the water 
table changes near the contact between rocks of different permeability. It is conformable with the 
structure at some anticlines, and its gradient changes abruptly near some faults. 

Most above-normal concentrations of uranium occur at local water-table depressions or at water- 
table terraces where the gradient of the water table flattens. At these places, the uraniferous ground 
water is slowed and is in contact with reducing agents in the rocks for a relatively long time. This 
may allow reduction of soluble transported uranium (U*®) to insoluble (U™) so that uranium is 
precipitated. 


RED-BED URANIUM OCCURRENCES IN PENNSYLVANIA* 


John F. McCauley 
Columbia University, New York, N. Y.; Pennsylvania Geologic Survey, Harrisburg, Pa. 


More than 40 uneconomic copper-uranium occurrences have been reported in Pennsylvania. 
The majority are localized in the upper Devonian Catskill formation in the north-central and north- 
eastern parts of the State within the gently deformed rocks of the Allegheny Plateau province. 

The Catskill formation consists of predominantly red siltstones and shales with numerous gray 
to green sandstones, interpreted as channel deposits. Three broad subdivisions can be made: (1) 
an upper zone, 400 feet thick, containing mostly gray to green sandstones; (2) a middle zone, 1000 
feet thick, containing predominantly red shales and siltstones; and (3) a lower zone, 500-800 feet 
thick, consisting of alternating gray channel deposits and red shales and mudstones. Carbonaceous 
material is abundant in the upper and lower zones in the form of thin seams and stringers rarely 
more than an inch in thickness. Analysis indicates that the material approaches bituminous coal in 
composition. Mineralization is associated with the material of the lower zone. 

Sulfides fill cracks and replace plant cells. Pyrite, chalcopyrite, bornite, galena, chalcocite, and 
covellite are present along with malachite and azurite and the secondary uranium minerals urano- 


* Published with the permission of The State Geologist, Pa. Geologic Survey. 
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spinite and meta-zeunerite. No primary uranium minerals have been recognized. Analysis indicates 
that primary uranium may occur in the form of a urano-organic compound. Chalcopyrite occurs 
as oriented exsolution laths within bornite suggesting an elevated temperature of formation. 

The genesis is attributed to moderately hot rising solutions. Lateral migration through the net- 
work of permeable stream channels at the base of the formation influenced final localization. 


UTILIZATION OF A PORTABLE ROCK-MECHANICS LABORATORY DURING 
EARLY STAGES OF DAM-SITE EXPLORATION 


C. R. McClure, R. T. Bean, and W. D. Pedersen 
California State Department of Water Resources 


The California Department of Water Resources has recently equipped a trailer as a portable rock- 
mechanics laboratory. The trailer is moved to locations near dam sites where preliminary explora- 
tion programs are being conducted and serves both as a laboratory and field office. 

Equipment in the mobile laboratory makes possible rapid determination of the following quanti- 
ties: unconfined compressive strength, modulus of elasticity, modulus of rupture, and approximate 
shear strength. Petrographic analyses can also be made. 

Results are used to evaluate foundation conditions while the exploration is in progress. Where 
the immediate quantitative results available from the field laboratory so indicate, it is possible to 
modify the exploration program by changing the locations of drill holes, deepening holes, drilling 
additional holes, or even by abandoning a site in order to explore an alternate axis. 

Curves have been drawn plotting unconfined compressive strength of samples against their depth 
normal to ground surface. These curves are of great value in estimating stripping depths. 

Data obtained during a recent dam-site exploration program revealed that certain apparently 
sound rock had an unconfined compressive strength only one-fourth that of good concrete. Because 
this condition was widespread and persisted to depths as great as 80 feet, recommendation against 
construction of an arch dam at the site has been made. Instead, an earthfill or rockfill dam is now 
being planned. 


GROWTH TEMPERATURES AND VACUOLE DISAPPEARANCE TEMPERATURE 
IN HALITE 


David Sears McCulloch and L. I. Briggs 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


When halite is grown above room temperature and cooled, vacuoles are produced in fluid-filled 
cavities in the crystal owing to contraction of the fluid. Upon reheating the vacuoles disappear, pre- 
sumably at the growth temperature. In order to correlate growth and vacuole disappearance tempera- 
ture, halite crystals were grown at controlled temperatures by evaporation of sea water in a con- 
stant-temperature oven. 

The mean vacuole disappearance temperatures are consistently higher than the growth tempera- 
tures for halite grown below 60°C. and consistently lower for halite grown above 60°C. Anomalous 
disappearance temperatures which are higher than the growth temperatures appear to be caused 
by the presence of COs, while those below are due to leakage of brine into the chambers. Vacuoles 
are relatively rare and smaller than should be expected by simple contraction of the brine in the 
chambers, demonstrating that brine has leaked into every chamber. In view of the above, vacuole 
disappearance temperatures do not accurately reflect growth temperatures in hopper halite crystals, 
nor may the growth temperature be obtained by measuring the ratio of the volumes of the chambers 
to their included vacuoles. 
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STRUCTURE OF THE NORTHWEST FLANK OF THE FLINT CREEK RANGE, 
GRANITE COUNTY, WESTERN MONTANA 


George E. McGill 
Dept. of Geology, University of Massachusetts, Amherst, Mass. 


The northwest flank of the Flint Creek Range, western Montana, is the strongly deformed part 
of the Philipsburg quadrangle lying north of the Philipsburg batholith and east of the Royal batho- 
lith. The structures of the area are overlapped by Tertiary basin-fill sediments to the north and are 
terminated westward against a complex fault zone including the Philipsburg overthrust. West of the 
area are broader folds developed in rocks of the Belt series. 

Dominating the structure of the area is the folded and faulted Philipsburg overthrust bringing 
Precambrian and Paleozoic rocks over Paleozoic and Mesozoic rocks with approximately 5 miles of 
horizontal displacement. Folds in the area plunge north, are asymmetric and nearly isoclinal, and 
are broken by several large reverse faults. Axial planes east of the Philipsburg overthrust dip east, 
axial planes in the thrust zone and immediately west of it dip west. Structures adjacent to the batho- 
liths suggest magmatic intrusion, in part forceful. 

Gentle folding of the Belt series occurred prior to the Middle Cambrian. Laramide deformation 
began with moderate folding, and the Philipsburg overthrust sheared across these folds. Continued 
flexing of the thrust plane halted thrust movement, and the final compressive deformation was by 
folding and reverse faulting. The batholiths were emplaced after the development of most or all of 
the compressive structures. 


JADEITE ALTERATION OF SEDIMENTARY AND IGNEOUS ROCKS 


Bates McKee 
University of Washington, Seattle, Wash. 


Jadeite, the sodium-aluminum pyroxene, occurs in metamorphosed sedimentary and igneous 
rocks of the Franciscan group at Pacheco Pass, 80 miles southeast of San Francisco, California. 
The alteration affects 35 square miles and extends north, east, and south an unknown distance. 

Lawsonite usually forms first in the progressive alteration of a plagioclase-bearing rock. It crystal- 
lizes as subhedral tablets in the plagioclase or in the matrix and is a product of the decalcification of 
the plagioclase. Next, fibrous jadeite replaces the albite. Quartz crystallizes in the matrix as a by- 
product, and lawsonite persists as relict grains in the jadeite. Glaucophane may form at a more 
advanced metamorphic stage. The important reactions are as follows: 

1. NaAISi;O; — NaAlSi,Og, + SiO, 


Albite Jadeite Quartz 
2. CaAlSi,Os + 2H2O — 
Anorthite Lawsonite 


The association of jadeite with lawsonite and glaucophane indicates low temperature of forma- 
tion. The replacement of albite by jadeite previously has been considered local, but in this area the 
alteration is regional. Shearing, though not essential, probably speeds the formation of jadeite. 


DEVONIAN OF SOUTHWESTERN ELLESMERE ISLAND, CANADA* 


D. J. McLaren 
Geological Survey of Canada, Ollawa, Canada 


The Devonian of Goose Fiord was described by Schei (Holtedahl, 1917), geologist on the Nor- 
wegian Fram Expedition (1898-1902). The section, whose age was in doubt, has been restudied, 


* Published by permission of the Director, Geological Survey of Canada 
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together with a new area, 40 miles northeast, around Eids and Bird fiords. Here four formations are 
recognized. The lowest, unfossiliferous shale grades upward into a 3800-foot formation of limestone 
and shale with prominent coral-stromatoporoid bioherms. Abundant fauna includes sponges, stro- 
matoporoids, corals, species of ““Cymostrophia,” Protoleptostrophia, ‘“Sulcatostrophia,” Schellwienella, 
Anatrypa, Plectospirifer, Warrenella, Nucleospira, Lobobactrites, pelecypods, trilobites. The age is 
Middle Devonian, possibly early Middle (Couvinian). 

Above, 3000 feet of sandy limestone, shale, and sandstone marks an increase in terrigenous clastic 
deposition. Fauna includes acanthophyllid, bethanyphyllids, species of Favosites, Billingsastraea, 
Cyathophyllum, “Sulcatostrophia,” Pholidostrophia, Emanuella, Giirichella, of late Middle Devonian 
age (Givetian). Plant remains occur in the upper beds. Nonmarine sandstones and shales with thin 
coals, more than 10,000 feet thick, with eroded top, form the youngest pre-Variscan formation in 
the region. Fish, plant remains, and spores from the coals indicate early Late Devonian (Frasnian) 
age. Folded Devonian rocks are overlain unconformably by Upper Pennsylvanian strata in Eids 
Fiord. 

In Goose Fiord the marine Devonian (“Series D” of Schei), with similar faunas, is about half the 
thickness of the Eids-Bird fiords section. The lowest unit consists of 1000 feet of siltstone and dolo- 
mite (“Series C”); the shale formation is not present. The country between the two areas is under- 
lain by the nonmarine formation (‘Series E’’). 


CHEMICAL COMPOSITION AS A GUIDE TO THE SIZE OF SANDSTONE-TYPE 
URANIUM DEPOSITS IN THE MORRISON FORMATION ON THE 
COLORADO PLATEAU 


A. T. Miesch, E. M. Shoemaker, W. L. Newman, and W. I. Finch 
U.S. Geological Survey, Denver, Colo. 


The concentrations of uranium, yttrium, sodium, iron, zirconium, manganese, calcium, and 
nickel in 75 mill-pulp samples of uranium deposits in the Salt Wash member of the Morrison forma- 
tion on the Colorado Plateau are related to the sizes of the deposits represented by the samples. 
The observed relations may be used to estimate sizes of uranium deposits in the Salt Wash member 
within broad limits. Three methods of size estimation have been devised. One is based on simple 
linear-regression theory, and two are based on multiple-regression theory. 

Estimates of size based on the methods have, at best, a range of error equal to Y/45 to Y X 45 
at 95 per cent confidence, where Y = size estimate in tons. For 80 per cent confidence the error 
factor can be as low as 12, rather than 45. A group of 40 deposits of known size was used to test the 
theoretical accuracy of the methods. It was concluded from the test that the theoretical ranges of 
error describe the accuracy and the precision of the methods satisfactorily. 

The methods of size estimation will be useful in predicting sizes of deposits where exposures of the 
ore are limited or where an independent estimate of size is desired. The error of the methods may 
be quite large, as is indicated by the confidence limits given above, but they may at least distin- 
guish small deposits with high confidence. 


ANOMALOUS GLACIAL HISTORY OF THE NORTHEASTERN GULF OF 
ALASKA REGION 


Don J. Miller 
U. S. Geological Survey, 4 Homewood Place, Menlo Park, Calif. 


In a geologic province comprising a belt of sedimentary rocks of Tertiary age on the northeast 
coast of the Gulf of Alaska the following recorded events seem anomalous with respect to North 
American glacial chronology and may be related to tectonic activity. 
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(1) Vigorous glaciation beginning at least by early Pliocene and possibly by middle Miocene time, 
recorded by fossiliferous marine tillite in sedimentary sequences as much as 10,000 feet thick. 

(2) Mild glaciation, little if any more extensive than at the present, during late Wisconsin time. 
A partially dissected subaerial erosion surface on the Suckling Hills, at the present margin of the 
Bering Glacier and only a few hundred feet above its surface, has not been overridden by ice. Wave- 
cut terraces now lying at maximum altitudes of at least 700 and possibly as much as 1600 feet at 
other localities are unglaciated. 

(3) Post-Wisconsin advance of individual glaciers to positions as far as 35 miles beyond the present 
ice fronts, culminating at different times within the past 1400 years. The radiocarbon ages deter- 
mined for wood imbedded in the outermost moraines at Icy Bay, Yakutat Bay, and Crillon Lake are, 
respectively, 1200 + 160 years, 830 + 160 years, and 390 + 160 years. 


ISOTOPIC RELATIONS IN URANIUM DEPOSITS OF THE COLORADO PLATEAU 


Donald S. Miller and J. Laurence Kulp 
Lamont Geological Observatory (Columbia University), Palisades, N.Y. 


Uranium, lead, and lead-isotope measurements have been made on a suite of galena-pitchblende 
pairs from the Lisbon Valley-Big Indian, Washington, uranium deposits. As shown in the table, the 
pairs indicate uranium-lead deposition during two periods, one <5 m.y. ago and the other ~75 
m.y. ago. 


| Age (m.y.) 
Mine Pb2» Pb?" (m.y.) 
| Us | 
Divide <5 <5 390 + 25 
Standard 78+ 4 | 79+ 4 250 + 50 
Ike 70 + 4 7244 400 + 50 


The pairs also indicate that the age of the source providing the uranium and lead must be less than 
400 m.y. 

Sulfur isotopic data on associated sulfides, as first shown by Jensen, indicate a low-temperature, 
biogenic origin for the sulfur and hence probably the uranium deposition. 

Thus a local, sedimentary source for the uranium and lead and a low deposition temperature are 
consistent with the isotopic data. 


LABUNTSOVITE FROM THE TRONA MINE, SWEETWATER COUNTY, WYOMING 


Charles Milton, Mary E. Mrose, Joseph J. Fahey, and Edward C. T. Chao 
U. S. Geological Survey, Washington, D. C. 


Labuntsovite, described by Semenov and Burova (1955) from Kola Peninsula albitic pegmatites, 
occurs in Green River formation unmetamorphosed sediments as authigenic pale-yellow to brownish- 
yellow crystals, 1-2 mm in length at Westvaco, Sweetwater County, Wyoming. These occur both in 
shale rich in oil and microfossils and in massive trona overlying the shale. Associated are trona, 
searlesite, leucosphenite, loughlinite, shortite, barytocalcite, witherite, dolomite, calcite, and brad- 
leyite. 

The Lovozero labuntsovite was described as orthorhombic with a:b:c = 0.511:1:0.489; indices 
of refraction a = 1.689, 8 = 1.702, y = 1.795; specific gravity 2.90. Single-crystal X-ray study of 
the Wyoming River mineral, however, indicates monoclinic symmetry: space group I2/m(C2;'); 


Lisbon Valley Pitchblende-Galena Pairs 
: 
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a = 15.57A, b = 13.75, c = 14.27, 8 = 116°55’; a:bic = 1.1324:1:1.0378. Forms observed: ¢ {001}, 
b {010}, a {100}, w {011}, D {101}. Cleavage {102} perfect. Transformation: Lovozero to Green 
River, 110/002/200. Specific gravity 2.87 (meas.) Biaxial positive, a = 1.695 (colorless), 8 = 1.698 
(pale yellow), y = 1.825 (colorless); 2V = 20°; elongation b; Y = b; optic plane || (010). The 
d spacings and intensity data for the strongest lines: 3.18 (100), 6.94(71), 2.59(71), 6.36(50), 3.10(50), 
3.08(50), and 3.02(50), agree with Semenov and Burova’s data. 

Chemica! analysis gave: SiOz 39.53, TiO2 25.56, FesO3 0.42, Al,O; 0.42, Nb2O; 0.25, BaO 9.25, 
MgO 1.86, CaO 0.02, Na2O 5.66, K,O 7.16, HO~ 0.35, H2O+ 9.25, total 99.73%; formula (Na, K, 
Ba, Ca) (Ti, Mg, Fe, Nb) [(Si, Al)2(O, OH)7]-H2O as given for Lovozero labuntsovite. 

The Russian labuntsovite is described as formed by alteration of murmanite; the Wyoming mineral 
is unquestionably primary. 


CLUES TO THE GENESIS OF URANIUM DEPOSITS IN THE LAGUNA DISTRICT, 
NEW MEXICO 


Robert H. Moench 
U. S. Geological Survey, Denver, Colo. 


The uranium deposits of the Laguna district, New Mexico, include large semitabular and smaller 
pipelike deposits in the Jackpile sandstone (of local usage) in the Morrison formation, small semi- 
tabular deposits in the Entrada sandstone, and fingerlike deposits in the Todilto limestone. A study 
of the structural, stratigraphic, and compositional relations of these deposits provides clues to their 
genesis. 

Typically the semitabular deposits are figuratively suspended within the sandstone units. Most 
are not bounded by impermeable barriers, and sharp internal grade variations commonly transect 
sedimentary structures. In addition one group of many small deposits transects the contact between 
Entrada sandstone and the Todilto limestone. Structurally this group of deposits is more nearly 
horizontal than the enclosing sedimentary rocks. 

Only pre-Dakota tectonic and related structures are known to contain uranium deposits. Intra- 
formational folds in Todilto limestone, and sandstone pipes in the Jackpile sandstone contain some 
deposits; a broad anticline of low amplitude apparently is coextensive with the long dimension of 
one large deposit. : 

An intimate mixture of nonfragmental organic carbon and uranium occurs in many deposits in 
sandstone and possibly in all deposits of the district. Since the material impregnates the sandstone 
and forms ore boundaries that cut sharply across sedimentary structures, the organic carbon com- 
ponent was probably derived from a fluid. 

It is interpreted that uranium deposition took place near an interface between two solutions, pos- 
sibly early in the postdepositional history of the rocks, and that one solution was either organic or 
an aqueous solution that contained an organic substance. 


IMPORTANCE OF GEOLOGIC INFORMATION AS A FACTOR IN 
TUNNEL-LINING DESIGN 


William T. Moody 
U.S. Bureau of Reclamation, Building 53, Denver Federal Center, Denver, Colo. 


The progressive requirements of the engineer for geologic information as a project develops are 
outlined, and the need for certain quantitative information in final design stages is defined. Methods 
of obtaining and evaluating such information are discussed. Equations are given which illustrate 
the role that the modulus of elasticity of the rock plays in proportioning the elements of a pressure 
tunnel lining. This effect is portrayed graphically by a dimensionless chart and is exemplified by 
computations showing the specific effect upon steel-lining thickness. In conclusion, the importance 
of developing more reliable and simpler methods of determining the elastic properties of rock is 
stressed. 
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EVAPORITE AND BLACK-MUD DEPOSITION AT PUPURI SALINA, MEXICO* 


George W. Moore and Philip T. Hayes 
U. S. Geological Survey, Albuquerque, N. M. 


A layer of gypsum now 10 cm thick is being deposited in a belt 100 m wide around the margin of 
Pupuri Salina, near Los Mochis, Sinaloa. The salina is one of many barred marine salt flats along 
the east shore of the Gulf of California. It is approximately 1 km in diameter and receives sea water 
at high tide from the open bay through a medial estuary 10 m wide. Inward from the peripheral 
gypsum belt, black mud containing iron monosulfide and minute grains of pyrite is being deposited. 
The central and largest part of the salina is receiving brown mud derived from material carried across 
the other deposits from the land during torrential desert rains. The brown mud flat is apparently 
without life, but spherical colonies of green a!gae 5 mm in diameter cover the bottoms of pools in 
the gypsum and may contribute their decay products to the black mud. Halite is formed in the late 
afternoon in the pools in the gypsum, but it is dissolved again by the next high tide. During the 
dry season from November to May, a more lasting layer of salt is formed which finds local domestic 
use, but it too disappears during the rainy season. The area is significant because it illustrates that 
reducing conditions exist in some sites of evaporite deposition and that the absence of salt in gypsum 
deposits may be due to its contemporaneous resolution rather than to nondeposition. 


PSEUDO-TWIN OF AUGITE AND PIGEONITE 


Nobuo Morimoto and Teiichi Ito 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C.; 
Mineralogical Institute, Tokyo University, Tokyo, Japan 


Phenocrysts in an andesite from Hakone, Japan, studied by the Weissenberg method, show an 
unusual twinlike structure of two minute intergrowths of pigeonite and augite crystals having the 
(001) plane in common. In this edifice the b axes of the four crystals coincide not only in orientation 
but also in length. The c axes of the two pigeonite crystals enclose an angle of 1°, and those of the 
two augite crystals, an angle of 3.6°. 

The two pigeonite-augite intergrowths are interpreted as being in ‘“‘twin”’ relation with respect to 
a plane which is not a net plane in any crystal, but which is very close to the (100) plane of every 
crystal. We call this edifice a “pseudo-twin,” following G. Donnay and J. D. H. Donnay, who at 
the 1955 GSA meeting first reported a similar case in alkali feldspar. 

This pseudo-twin can be explained as an exsolution product by the following hypothesis: clino- 
pyroxene (WoisEn4Fszs) originally crystallized as a homogeneous phase, later unmixed to pigeonite 
(WoigEngsF's39) + augite (Wos2En;7Fs;,), and the (100) of the original clinopyroxene became the 
composition plane. 


SEISMIC EVIDENCE SUPPORTING A NEW INTERPRETATION OF THE 
ORIGIN OF THE CODY TERRACE NEAR CODY, WYOMING 


John H. Moss and William E. Bonini 
Franklin and Marshall College, Lancaster, Pa.; Princeton University, Princeton, New Jersey 


Seismic studies of the ‘classic’? Cody terrace complex bordering the Shoshone River near Cody, 
Wyoming, disclose: (1) no relationship between surficial terrace form and underlying bedrock to- 
pography; (2) irregular underlying bedrock topography with relief up to 75 feet; (3) thickness of 
gravel and silt overlying bedrock averaging about 60 feet reaching a maximum of over 100 feet. 
These data are at variance with Mackin’s earlier descriptions supporting origin of the terrace com- 
plex by a graded stream. 


* Publication authorized by the Director, U. S. Geological Survey. 
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In addition, Cody terrace gravel can be traced upstream into the outwash plain fronting the 
moraine at Ishawooa. Thus, the Cody terrace was probably formed in two stages of different stream 
regimen: (1) deposition of a fill of glaciofluvial gravel; (2) development of the different benches of 
the Cody terrace complex by lateral cutting and slow downcutting in the previously deposited fill. 

These results underscore the usefulness of seismic studies in geomorphologic work. 


ROCK MECHANICS IN THE INVESTIGATION AND CONSTRUCTION OF T.1 
UNDERGROUND POWER STATION, SNOWY MOUNTAINS, AUSTRALIA 


D. G. Moye 
Snowy Mountains Hydro-Electric Authority, Cooma, N.S.W., Australia 


T.1 Power Station is 1100 feet underground under the eastern wall of Tumut River gorge. The 
machine hall is 306 feet long, 77 feet wide, and 105 feet in maximum height. 

The rock is granite in steeply inclined sheets up to 300 feet thick intrusive into granitic gneiss. 
Both rocks have compressive strength of 20,000 psi, tensile strength 1100 psi and Young’s Modulus 
7-10 by 10 psi. In selecting the site major faults in the region were avoided. Jointing in both rocks 
follows a similar pattern but is much closer in the gneiss. 

Original natural stresses in the rock mass, which are an important factor in the behavior of open- 
ings, were computed from measurements of stress in the excavations. These are higher, particularly 
in the horizontal plane, than can be accounted for by the weight of overlying rock alone. 

The openings were located mainly in the granite and oriented to avoid main joint directions paral- 
lel to the walls. Photo-elastic studies were made to determine the stress concentrations caused by 
the shape of the openings and by different arrangements of multiple openings. 

Comprehensive investigations were made to study how rock bolts function in hard jointed rock, 
and during excavation patterns of rock bolts were used to stabilize the jointed rock in the roof and 
walls. The excavations were made without major rock falls. Measured movements of the walls and 
roof of the machine hall are related to the properties of the rock mass. 


X-RAY DETERMINATIVE TABLES OF THE IRON-MANGANESE PHOSPHATE 
MINERALS 


Mary E. Mrose 
U.S. Geological Survey, Washington, D. C. 


X-ray powder diffraction data tables for the phosphate minerals that contain iron and/or man- 
ganese as essential constituents have been compiled. These tables include coverage for 74 of the 78 
recognized species of the iron-manganese phosphate minerals. 

Data for the tables were obtained from the literature, from co-workers in phosphate mineralogy, 
and from work originating in the U. S. Geological Survey. X-ray powder data are presented for the 
first time for 24 of the iron-manganese phosphates; these include such rare species as calcioferrite, 
phosphophyllite, koninckite, mitridatite, type xanthoxenite, fillowite, andrewsite, and graftonite- 
free sarcopside. 

The X-ray determinative tables consist of two parts: a numerical index of the X-ray diffraction 
data; and complete X-ray diffraction data tables arranged alphabetically. Each entry in the numeri- 
cal index consists of the six strongest lines, their relative intensities, the mineral name and formula. 
Entries for the four strongest lines for each mineral are listed in ‘““Hanawalt” order. 

An evaluation of the X-ray powder data in the literature, supplemented by newly obtained data 
on authenticated specimens, led to the following conclusions: magniophilite is a magnesian graftonite; 
magniotriplite is a ferroan wagnerite; mitridatite is the phosphatic analogue of arseniosiderite; previ- 
ous X-ray powder data reported for andrewsite are in error; “xanthoxenite” (of Frondel) from the 
Palermo mine is an oxidized fairfieldite group mineral; kruzhanovskite and laubmannite are iso- 
structural with, if, indeed, not the same as, type xanthoxenite and dufrenite, respectively. 
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STABILITY RELATIONSHIPS AMONG SOME MANGANESE MINERALS 


Arnulf Muan 
College of Mineral Industries, The Pennsylvania State University, University Park, Pa. 


Stability relationships among the manganese minerals hausmannite (Mn;Q,), braunite (Mn.0,- 
MnSiOs;), tephroite (2MnO-SiO.), and rhodonite (MnO- SiO.) have been studied in the temperature 
interval 1000-1280°C. and at O, partial pressures ranging from 10-25 to 1 atm., at a constant total 
pressure of 1 atm. Three ternary invariant equilibria and five univariant equilibria have been de- 
termined as follows: 

A liquidus invariant situation exists at 1215°C. with Mn,Q,, braunite, rhodonite, liquid, 
and a gas of Oz partial pressure 0.5 atm. coexisting in equilibrium. Another invariant situation at 
1205°C. is characterized by the coexistence in equilibrium of Mn;Q,, tephroite, rhodonite, liquid, 
and a gas of O: partial pressure 0.2 atm. At 1100°C. and an O partial pressure of 0.05 atm. Mn;Q,, 
braunite, tephroite, and rhodonite exist together in equilibrium. The coexistence of three crystalline 
phases and gas in univariant equilibria are represented by the following equations: 

Braunite, rhodonite, tridymite: log po, = 8.56 — 12200. 1/T 
Mn;Q,, braunite, rhodonite: log po, = 13.18 — 20000. 1/T 
Mn;0,, tephroite, rhodonite: log po, = 8.25 — 13200. 1/T 
Mn;Q,, braunite, tephroite: log pp, = 10.08 — 15700. 1/T 
Braunite, tephroite, rhodonite: log po, = 12.48 — 19000. 1/T 


CONJUGATE SHEAR JOINT SETS OF SMALL DIHEDRAL ANGLE 


William R. Muehlberger 
Department of Geology, The University of Texas, Austin, Texas 


The Coulomb condition of the Mohr theory of failure predicts a constant dihedral angle be- 
tween the conjugate failure planes (generally near 60°) regardless of the magnitude of the stress dif- 
ference required for failure. The maximum principal stress bisects this angle. Experimental studies 
show that this angle actually becomes smaller as confining pressure is decreased. Nadai, enlarging 
on a suggestion by Leon, proposed a parabolic Mohr envelope for low pressures which would inter- 
sect the normal stress axis at a right angle. There could then be a critical stress circle tangent to the 
envelope only at the apex. This single plane of shear failure, lying parallel to the maximum principal 
stress, is a tension joint in the usual terminology. A slight increase in stress difference will move the 
critical circle off the apex, and it will then intersect the envelope at two points; the resulting con- 
jugate fractures will enclose a small dihedral angle. Within a small range of increasing stress dif- 
ferences, the angle will increase to the generally predicted angles for shear failure. 

Two field examples indicate that Nadai’s proposals are correct. Parker’s joint study in New York 
demonstrated a conjugate shear set with angles ranging from 0 to 20°. Plumose joint surfaces re- 
semble fractures observed in metals under pure shear. Presence of thin dikes are additional evidence 
of tensile stresses. Duschatko’s studies along the Lucero uplift, New Mexico, show a single set being 
replaced along strike by a conjugate joint set with dihedral angle increasing up to 65°. 


CHEMICAL PETROLOGY OF A METAMORPHOSED IRON FORMATION 


Robert F. Mueller 
University of Chicago, Department of Geology, Chicago, Ill. 


An iron formation from east-central Quebec has been studied from the viewpoint of thermo- 
dynamics to correlate the compositions of coexisting minerals and the properties of an inferred 
dispersed phase. 
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The rocks fall in the system CaO-MgO-FeO-O-SiO2-H20-CO:. Al,O3, MnO, and TiO: average less 
than 1 per cent. 

The two major assemblages are (1) actinolite, cummingtonite, Ca-pyroxene, quartz, calcite, mag- 
netite; (2) actinolite, talc, quartz, calcite, magnetite, hematite. 

Assemblage (1) shows wide variation of the atomic ratio Mg/Mg + Fe in silicates in different 
samples, while in (2) Mg/Mg + Fe of actinolite is fixed at 0.85. In (2) the partial pressure of oxygen 
was controlled by the equilibrium coexistence of magnetite and hematite during metamorphism. 
Theoretical functions relating Mg/Mg + Fe of actinolite in (2) to the partial pressures of HoO and 
CO. in the univariant (constant temperature) system have been derived assuming a gaseous dis- 
persed phase. The observed constant value of Mg/Mg + Fe would seem to indicate that temperature 
and pressures of HO and CO, were constant where (2) is found. This would seem to imply consider- 
able mobility for these components. The variation of Mg/Mg + Fe in silicates of (1) is ascribed to 
restricted mobility of oxygen and the fact that its pressure was not controlled by oxides. 

Several features shown by the assemblages indicate that a high degree of equilibrium was attained 
throughout small volumes of rock. Observations in (1) show that in some cases these volumes had 
radii not greater than 6 inches. 


PRIMARY BORATES IN PLAYA DEPOSITS: MINERALS OF HIGH HYDRATION* 


Siegfried Muessig 
U.S. Geological Survey, S. 157 Howard Street, Spokane, Wash. 


The primary borate minerals in nonmarine bedded borate deposits—those of the playa type, and 
their deformed derivatives—are the high hydrates. Both field and experimental data indicate that 
the high hydrates are the borate minerals that form stable phases at the lowest temperatures—under 
the surface conditions of playas. 

From a study of hand specimens of borate minerals from new Turkish borate deposits, Meixner 
(1953) suggested that the borate minerals having the lowest specific gravity, and hence highest water 
content, are the primary minerals. 

The role of temperature in the formation of the hydrous borates is shown by solid phases in the 
system Na2B,O7-H2O (Menzel and Schulz, 1940). As temperature increases, hydration of the solid 
phase decreases successively from borax (10H,O) through tincalconite (5H,O), kernite (4H.O), to 
metakernite (2H.O). This suggests that in the temperature ranges considered in the present paper— 
those of playas—the high hydrate (borax) is the one most likely to form as the primary mineral in 
nature. Studies of the Ca, Mg, and Ca-Na hydrous borate systems (Kemp, 1956) suggest that the 
same statement holds in these systems. 

Until recently, only borax and ulexite (Na2O-2CaO-5B.03-16H,O) have been known as primary 
minerals of playa deposits. However, inderite (2MgO-3B.03;-15H:O) has recently been found as 
a primary mineral in Argentina, and primary inyoite (2CaO-3B,0;-13H2O) occurs in Peru. These 
four minerals are the high hydrates of their respective mineral series. None of the lower hydrates 
are known as primary minerals in nonmarine bedded deposits. 


TECTONICS OF THE SHAKWAK LINEAMENT, SOUTHWEST YUKON AND 
EASTERN ALASKAt 


J. E. Muller 
Geological Survey of Canada, Ottawa, Ontario, Canada 


Shakwak Valley forms the topographic expression of a major tectonic lineament, extending from 
southwest Yukon far into Alaska. It separates two distinct and contrasting geological provinces, the 


* Publication authorized by the Director, U. S. Geological Survey. 
t Published with permission of the Director, Geological Survey of Canada. 


re 
al 
e- 
d, 
at 
d, 
le 
e 
e 
: 
4 
4 


1620 ABSTRACTS 


Yukon Plateau (Yukon geanticline) to the northeast, and the St. Elias and Alaska ranges (St. Elias 
geosyncline) to the southwest. The geanticline consists of a highly metamorphosed partly granitized 
basement complex. Absence of overlying or infolded marine sediments suggests emergence of large 
parts of this complex since Precambrian or early Paleozoic time. In the geosyncline an incomplete 
sequence of Devonian to Cretaceous marine and volcanic deposits indicates intermittent subsidence 
until Tertiary time. Two major breaks in sedimentation probably reflect Appalachian (pre-Permian) 
and Nevadan (pre-Cretaceous) orogenic phases. Throughout this time the lineament acted as a hinge 
line between an active eugeosyncline and a rising or static geanticline. At depth it may have been a 
normal fault system or a flexure in the basement complex, on the surface a submarine or coastal con- 
tinental slope (“‘Flexure continentale”’, e.g., H. and G. Termier, 1956). The role of the lineament was 
reversed during Laramide orogeny: the geosynclinal deposits were forced northeastward against the 
rigid geanticlinal basement complex, and the lineament became a thrust-fault zone. The early Lara- 
mide, pre-Paleocene orogeny was attended by the emplacement of granitic bodies along the south- 
west side of the lineament. In post-Paleocene time the most intense disturbance occurred where north- 
eastward thrusts of the St. Elias Range approach the lineament between Duke River and Kluane 
Lake. Here low-angle southwestward counterthrusts brought pre-Tertiary intrusive and volcanic 
rocks over scarcely consolidated Paleocene sediments. 


CLINOPTILOLITE REDEFINED 


Fred A. Mumpton 
Tonawanda Laboratories, Linde Company, Division of Union Carbide Corporation, P.O. Box 44, 
Tonawanda, N.Y. 


Since its introduction in the literature in 1923, clinoptilolite has been a subject of confusion 
within the zeolite group of minerals. A critical review is made of papers dealing with the original 
description of clinoptilolite, its widespread occurrences in the groundmass of altered pyroclastic 
rocks, and of the arguments favoring its identity with “silica-rich heulandite”’. 

New experimental data on the clinoptilolite from Hector, California, have assisted in the re- 
definition of this zeolite. Although its powder pattern is almost identical with that of heulandite, 
high temperature X-ray studies show that at about 230°C. heulandite transforms to “heulandite B” 
and at 350°C. becomes amorphous. Clinoptilolite, however, remains stable to about 700°C. without 
reaction at lower temperatures. 

Like other reported pyroclastic clinoptilolite, thin sections of the Hector material contain up to 
15 per cent quartz, feldspar, and unaltered glass. Quartz peaks noted in the X-ray pattern persist 
to temperatures much higher than the decomposition temperature of clinoptilolite. If 10 weight per 
cent silica is subtracted from analyses of clinoptilolite, a ratio of 1:1:8 (base:alumina‘silica) results, 
compared with 1:1:10 for the bulk rock and 1:1:6 for heulandite. The enrichment of silica in clinop- 
tilolite compared with heulandite is apparently correlatable with its increased acid and thermal 
stability. 

Since no specimens of these minerals have been found with compositions or properties inter- 
mediate between the two end members, it is proposed to redefine clinoptilolite as the high silica 
counterpart of heulandite and to retain the name as a valid mineral species, on equal status with 
heulandite. 


WOODFORDITE, A NEW MINERAL FROM CRESTMORE, CALIFORNIA 


Joseph Murdoch and Robert A. Chalmers 
University of California at Los Angeles, Calif.; University of Aberdeen, Scotland 


A mineral from the 919-foot level of the Commercial quarry, Crestmore, California, has been in- 
vestigated and found to be a new species. It has been named woodfordite in honor of Professor A. O. 
Woodford, who observed it some years ago and called it Mineral K. It occurs as well-formed hexago- 
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nal prisms and coarsely crystallized coatings associated with afwillite and calcite in veins cutting 
massive contact rock. 

Woodfordite when fresh is transparent, colorless, with perfect prismatic cleavage; hardness is 
approximately 2.5; specific gravity 1.85. It is readily soluble in HCl, usually with slight effervescence. 
On heating, it loses water readily, turns white and fibrous, but apparently does not fuse. The crystals 
show the following forms: (1010) dominant; (0001) normally present; (1012) sometimes present; 
(7078) (?) usual; other pyramids sometimes present in poor development. 

Optically it is uniaxial negative, with w = 1.465, « = 1.455. Chemically it is a hydrated calcium 
aluminum sulphate-silicate-carbonate, with approximately the following formula: 2Ca[(SiO3) 1; (COs) » 
(SOs) 2Ca(OH)2- AI(OH);- 10H.0. 

The X-ray powder pattern shows the following spacings and intensities for the stronger lines: 
9.67 A-10; 5.6 A-9; 3.88 A-6; 2.568 A-6; 2.204 A-6. Single-crystal X-ray study shows the symmetry 
to be P63 or P6347 (0001 present only with ] = 2n). Cell dimensions are co = 21.33 A, ao = 22.32 A. 
The rotation photograph about ¢ shows odd layer lines very weak. 


IS SOMETHING WRONG WITH GEOLOGICAL WRITING? 


Melba W. Murray 
Jersey Production Research Company, Tulsa, Okla. 


Geologists are the most literate of all technical writers. Skilled in a descriptive science, strong on 
grammar, they are beautifully, even romantically fluent. Yet on going from school into industry, 
they find they have much to learn—and unlearn—about technical writing. Something modern in- 
dustry needs is lacking in their training. 

What does industry require? Dozens of reports: progress, summary, interim, completion, digest, 
instructional—enough to take maybe 50 per cent of a man’s time. Reports that give wanted informa- 
tion to busy working people. Short brisk reports. Simple plain talk that communicates to mathe- 
maticians, physicists, patent attorneys, vice presidents, budget officers—and geologists. 

A survey we made recently shows that classical “scientific”’ writing is not meeting these require- 
ments. There is a serious lack of communication between professions and a fierce resistance to tech- 
nical writing in general. Geological writing is specifically accused of being too long, unnecessarily 
complex, and more impressive than expressive. 

What can we do about this? Many companies are giving on-the-job education, but the schools 
have the real solution. They can perform an urgently needed service for companies and students 
alike. They can teach, instead of the classical “thesis’’ style of writing, the economical, informative 
writing industry demands and give a man 4 years of valuable practice before he has to produce on 
a salary. We recommend “functional” writing that follows the form of conversation, for which it is 
a substitute: reports that tell what, why, and how and so what—and then end. 


PHYSICAL AND CHEMICAL ENVIRONMENT OF ILLINOIS-KENTUCKY 
FLUORSPAR DEPOSITS 


M. P. Nackowski 
Dept. of Mining and Geological Engineering, University of Utah, Salt Lake City, Utah 


The Illinois-Kentucky fluorspar deposits are epigenetic and include vein deposits, bedding re- 
placement deposits, and mixed deposits as primary varieties. Texturally these ore bodies are either 
coarsely crystalline, banded (coon-tail), or disseminated. A single ore body may include several or 
only one textural variety. These textural varieties reflect mechanism of deposition and nature of 
physical environment at point of deposition. 

Physical guides to the fluorspar deposits are structural and stratigraphic. The structural loci are 
principally fractures, solution channels, and sedimentary channels. These define the plumbing system 
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through which mineralizing fluids flowed. The solution channels developed at the intersection of 
fractures and limestones immediately overlain by sandstone aquifers. Some developed in limestone 
beneath sandstone sedimentary channels. The stratigraphic locus is the interval that includes Mis- 
sissippian lower Chester and upper Meramec limestone formations. These are principally the Fredonia 
formation, the Downey’s Bluff member of the Renault formation, and the Levias fermation. 
&,._The chemical environment fixed the positions along the plumbing system at which the ore bodies 
formed. Chemical equilibrium was upset when the mineralizing fluids encountered ground water in 
the sandstone formations and in solution channels of underlying limestone formations of the lower 
Chester and upper Meramec sequence. Fluorspar, silica, and other minerals were deposited by direct 
precipitation and by replacement of limestone as a consequence. Dilution of mineralizing fluids by 
ground water, and the change in temperature gradient upon contact with excess ground water, are 
considered the major chemical factors governing formation of the fluorspar deposits. 


CHROMATOGRAPHIC SEPARATION AND CONCENTRATION OF ORGANIC 
COMPOUNDS IN SEDIMENTS 


Bartholomew Nagy and John P. Wourms, Jr. 
Fordham University, New York, N.Y. 


Ion-exchange columns were prepared of layers of quartz sand and illite-coated quartz sand. A 
mixture of triphenylmethane ions adsorbed on one layer of sand was differentially displaced, and the 
fractions were concentrated on the clay containing sand layers by elution with filtered sea water. 
The chromatographic separation factors, a, and the equilibrium distribution constants, Kp, measured 
between the triphenylmethane cations, sea water, quartz sand, and illite show that a is independent 
of particle size; however, the organic ion concentrating efficiency of mineral matter increases with 
decreasing particle size. Experiments with the disaccharide sugar, cellobiose, which is a water-soluble 
metabolic decomposition product of cellulose, have shown that it is possible to concentrate cellobiose 
from dilute solutions on the illite-coated sand layers of the chromatographic columns. 

Many mixtures of organic compounds, present in small quantities in sediments at the time of 
burial, may be separated and the fractions concentrated by chromatographic-type processes during 
compaction. The porosity of clastic marine sediments is reduced by the overburden pressure of subse- 
quent arrivals; the fluid content displaced by the reduction of the pore volume is forced to migrate 
through the overlying strata of quartz and clay-mineral-bearing sediments. During migration the 
organic components of the displaced fluids may be separated and concentrated by the action of the 
mineral matter. The chromatographic processes operational are: ion exchange, adsorption, and par- 
tition chromatography. 


OCCURRENCE OF PAPER COAL IN INDIANA* 


Richard C. Neavel and G. K. Guennel 
Indiana Geological Survey, Bloomington, Ind. 


The term “paper coal’? has been used to describe a deposit, consisting chiefly of stem and twig 
cuticles of lepidodendralean affinity, occurring in the Moscow Basin, USSR. Recently, a coal which 
fits the term “paper coal’’ was discovered in a strip-mine high wall in Parke County, Indiana. Of the 
20-inch thick seam, the top 8 inches, where interstitial attritus and anthraxylon have been removed by 
weathering, consists of flexible, brown, paperlike cuticular remains. 

The Indiana cuticles differ drastically from the Russian material in that they are the cutinized 
coatings of parts of fernlike foliage assignable to Sphenopleris. The envelopelike cuticles of entire 
pinnae and “twig” fragments, some more than 4 cm in length, have been isolated. 


* Published with permission of the State Geologist, Indiana Department of Conservation, Geo- 
logical Survey. 
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Tentative stratigraphic information places the paper coal in the upper part of the Brazil formation 
(upper Pottsville). Preliminary chemical analyses, reported on an ash-free basis, indicate that the 
upper, cuticular portion of the seam is high in volatile matter (62 per cent), but the lower, noncuticular 
portion is about average for Indiana coals (48 per cent). Further chemical tests, particularly on pure 
cutinite, are in progress. The coal is principally an attrital coal, high in cutinite, and containing thin 
anthraxylon derived from the fleshy parts of the cutinized tissues. 

Because of the remarkable preservation of the plants parts, it is expected that significant informa- 
tion regarding the paleoecology of coal-forming swamps can be obtained. 


RELATIVE EFFECTIVENESS OF CLAY-MINERAL DIAGENESIS IN THE 
RAPPAHANNOCK RIVER, VIRGINIA 


Bruce W. Nelson 
Department of Geological Sciences, Virginia Polytechnic Institute, Blacksburg, Va. 


Discrimination between transportation, provenance, and diagenesis as factors determining the 
clay-mineral composition of sediment in the fresh-water-marine transition zone has been accomplished 
by mineralogical examination of bottom-sediment and suspended-sediment suites along a natural 
salinity gradient in the Rappahannock River, Virginia. The bottom sediments show progressive 
changes in mineralogical composition in fresh-water segments of the river which parallel changes in 
bedrock bordering the stream. These are attributed to provenance. Bottom sediments in the most 
saline portion of the estuary exhibit changes in mineralogical composition not correlated with bedrock 
changes. These are attributed to diagenesis. Two minerals not found in the sediments supplied to the 
estuary appear: a true chlorite and a feldspar. Modifications of the clay minerals supplied to the es- 
tuary occur. The illite becomes better crystallized and more clearly definable. Expandable illite dis- 
appears. Montmorillonite with a single water layer disappears. Other minerals supplied to the estuary 
persist in the bottom sediments of the most saline zone. Sediment is transported along the salinity 
gradient as colloidally dispersed suspension load and as floccular saltation load. The suspension load 
and the saltation load retain the same mineralogical composition all along the salinity gradient, and 
they contain no chlorite or feldspar. Differential transportation of clay minerals, therefore, is not an 
important process in the Rappahannock River. The differences in mineral composition between 
bottom sediments and suspended sediments in the lower estuary suggest that diagenesis is an im- 
portant process in the most saline portion of the Rappahannock River. 


OCCURRENCE OF NATIVE NICKEL-IRON IN THE SERPENTINE ROCK OF 
THE EASTERN TOWNSHIPS OF QUEBEC PROVINCE, CANADA 


Ernest H. Nickel 
Mines Branch, Dept. of Mines and Technical Surveys, 552 Booth Street, Ottawa, Canada 


Native nickel-iron has been found over a wide area in the serpentinized asbestos-bearing rock of 
the Eastern Townships of Quebec. The chemical composition of one analyzed sample is 70.2% nickel, 
25.2% iron, 4.0% cobalt, and 0.3% copper. The nickel-iron forms a single-phase alloy with a face- 
centered cubic structure and a cell constant which ranges from 3.551 to 3.555 A. It occurs chiefly as 
tiny spherical grains, most of which are less than 10 microns in diameter, but also as larger crenulated 
grains up to 100 microns in diameter, and as acicular crystals up to 100 microns in length. The nickel- 
iron appears to have been formed as the result of the breakdown, during serpentinization, of primary 
olivine and orthopyroxene containing about 0.2% combined nickel. 
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REGIONAL ORIENTATION OF JOINTS IN THE APPALACHIAN PLATEAU 
OF PENNSYLVANIA 


Richard P. Nickelsen and VanNess D. Hough 
Department of Geology, Pennsylvania State University, University Park, Pa.; Gulf Oil Corporation, 
New York, N.Y. 


Observations on the strike and surface character of over 6500 coal and shale joints at 500 localities 
in the Appalachian Plateau of Pennsylvania and eastern Ohio have shown: (1) regional variations of 
type of joint in rocks of similar lithology, (2) the relation of joint orientation to other structures, (3) 
areas where joint orientations in adjacent shales and coals differ. A joint system of two perpendicular 
sets is present in each lithology at most localities; one set is planar and smooth, the other conchoidal 
and rough. Planar shale joints are locally consistent in orientation and, in places, perpendicular to 
fold axes. Lack of a systematic fold axis-joint relation in other areas suggests independent, earlier, 
formation of joints or several ages of jointing. Planar coal joints are neither parallel to shale joints nor 
systematically related to fold axes in the northeastern part of the area but swing into parallelism with 
shale joints in the west and southwest. Remarkably consistent patterns of coal jointing are found 
west of the axis of the Allegheny synclinorium, where other structures are poorly defined. A tensional 
(extension and release fracture) origin of all joints is compatible with field and thin section data. 
Many thin sections of planar joints show that they are open tension fractures, in places filled with 
pyrite, quartz or calcite. Shearing movement parallel to the joint surface was noted at only one lo- 
cality. Here petrofabric analysis shows that shearing movement postdated the calcite filling of an 
earlier tension fracture. Later conchoidal, rough, release joints cut straight through the country rock 
and calcite filling. 


METAMORPHOSED CLINOPYROXENES FROM THE PENNSYLVANIA AND 
DELAWARE PIEDMONT PROVINCE 


Dorita A. Norton and Walter S. Clavan 
Dept. of Geology, Bryn Mawr College, Bryn Mawr, Pa. 


The relationships of pyroxenes in igneous rocks have been carefully studied by Hess and others, 
but not much attention has been paid to pyroxenes in metamorphic rocks. 

The present study has a twofold purpose. First it is the continuation of an investigation of the 
complex silicate minerals of the metamorphosed rocks of the Pennsylvania and Delaware Piedmont 
Province being carried on at Bryn Mawr College, and second it is a study of the properties of meta- 
morphosed clinopyroxenes. The optical, chemical, and X-ray crystallographic properties of 10 such 
clinopyroxenes have been determined. On the basis of their chemical compositions 5 clinopyroxenes 
fall in the augite fieid, 4 in the salite field, and 1 in the diopside field. As one would expect, their 
specific gravities are proportional to mole per cent ferrous silicate. 

More work should be done on clinopyroxenes with complicated geologic histories, for several lines 
of evidence suggest that metamorphosed clinopyroxenes may be substructurally different from 
diopside: (1) the presence of strong persistent unidentified reflections on diffraction curves, (2) the 
absence of several diopside reflections in clinopyroxene diffraction patterns, (3) theoretical considera- 
tions which permit visualization of numerable adjustments of polyhedral distances, configurations, 
and co-ordinations, and (4) widely variable and probably highly influential geologic conditions. 

In some cases deviations from expected igneous relationships between clino- and orthopyroxene in 
the same rocks, such as lack of convergence of pyroxene joins to Eny;Wo7; on an En-F's-Wo diagram, 
may indicate how much the rocks containing them have been metamorphosed. 
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PROBLEM OF HUMIC-ACID CONTAMINATION IN RADIOCARBON DATING 


Edwin A. Olson 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


A radiocarbon age is a true age only if the assumptions of the C dating method are met. For 
buried samples exposed to soil solutions, the most critical assumption is that foreign carbon is absent. 
Humic acid, produced from decaying organic matter, has generally been considered the most 
likely contaminant for buried samples. Hence, the Lamont Radiocarbon Laboratory routinely leaches 
organic samples with dilute caustic solution which renders soluble any humic acid present. It is then 
possible to recover the humic-acid portion from the caustic and—if it is sufficiently large—to date it. 
The sample-humic pairs dated thus far are: 


Sample number Sample type Treated sample age Humic-acid age 
L400 A permafrost soil 2900 + 130 2000 + 150 
L391 B peat 4650 + 150 4700 + 150 
L 400 C permafrost grass soil 8150 + 150 5300 + 100 
L 391 I peat 7300 + 250 7200 + 300 
L 368 peat 7350 + 650 8350 + 200 
L 400 B permafrost soil 10,600 + 260 10,900 + 280 
L 163 A lignitized wood 39,000 + 2600 39,000 + 2000 
L414B wood >32,000 >36,000 
L414A buried soil >34,000 >41,000 


Only two of nine pairs show differences. Both were buried soils blasted from the Alaskan permafrost. 

Humic acid isolated from samples is generally derived from the samples themselves, and significant 
humic contamination is exceptional. However, every increase in counter sensitivity aimed at extend- 
ing the radiocarbon dating range makes the critical level of contamination even lower. 


COMPOSITIONS OF FELDSPAR PAIRS FROM PEGMATITES AND THEIR 
APPLICATION AS A TEMPERATURE INDICATOR 


Philip M. Orville 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D.C. 


An attempt has been made to determine the trend of crystallization temperatures of successive 
zones of several concentrically zoned pegmatites and of zoned versus unzoned pegmatites in the 
southern Black Hills, South Dakota. 

The compositions of contiguous plagioclase and alkali feldspar crystals which have crystallized 
in equilibrium with one another and whose bulk compositions have remained unchanged since final 
crystallization provide evidence of relative temperatures. 

As a general rule, for a given bulk composition at constant pressure, the smaller the angle between 
the tie line connecting the compositions of the feldspar pair and the Ab-Or sideline in the ternary 
feldspar system, the lower the temperature at which the feldspars have crystallized. 

The Na, K, Ca, and Rb contents of 20 feldspar pairs have been determined by a combination of 
optical, flame-photometer, X-ray, and spectrographic techniques. 

To the extent that the underlying assumptions of equal pressure, equilibrium, and constancy of 
composition are valid, it appears that the feldspar pairs from zoned pegmatites have crystallized at 
a lower temperature than those from unzoned pegmatites, and that the feldspar pairs from inner 
zones of zoned pegmatites have crystallized at a lower temperature than those from outer zones of 
the same pegmatites. 
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CRYSTALLIZATION AND DIFFERENTIATION OF BASALTIC MAGMA AS A 
FUNCTION OF THE CONSTANCY OF OXYGEN PARTIAL PRESSURE 


E. F. Osborn 
College of Mineral Industries, The Pennsylvania State University, University Park, Pa. 


By reference to phase relations in the system MgO-FeO-Fe,0;-SiO:2, the effect of constancy of 
oxygen partial pressure on the manner of change of composition of liquid during fractional crystalliza- 
tion is demonstrated. Where oxygen partial pressure decreases during fractional crystallization as 
total composition of condensed phases remains constant, the liquid continually increases in iron 
oxide. Magnetite precipitating prevents rise in Fe,O3/FeO ratio but does not prevent increase in iron 
content of liquid. Where oxygen partial pressure reraains constant, the fractionating liquid does not 
appreciably increase in iron content after magnetite starts to crystallize. These two fundamentally 
different crystallization paths are possible irrespective of the Fe.O;/FeO ratio of the initial liquid. 

The second condition is approached in the crystallization of basaltic magma if sufficient H.O 
(and/or COs) is present, for the magma is approximately in equilibrium with a Po, as given by 2H.0S 
2H» + O». Basaltic magma intruding in orogenic belts, e.g., Western Cordillera, is conceived to con- 
tain sufficient water that crystallization approaches the second type, where the normal calc-alkaline 
series leading to granodiorites and granites or their quenched counterparts develops by fractional 
crystallization of the basaltic magma. Basaltic extrusions and sills in general and the Skaergaard in- 
trusion specifically contained little water and hence have crystallized in a manner approaching the 
first type, leading toward a high-iron differentiate and little granitic liquid. 


NORMAL GRANITE AS A SOURCE OF ANOMALOUS LEADS 


J. Kenneth Osmond and John A. S. Adams 
Department of Geology, The Rice Institute, Houston, Texas 


The large number of uranium and thorium analyses of common rocks reported from The Rice 
Institute and other laboratories in recent years, if synthesized with lead-isotope data, permit the 
development of more quantitized hypotheses regarding the sources of anomalous leads. If two lead 
ores of the same age but of different isotopic composition are assumed to have been derived from a 
single parent lead, then the time of separation and the differences in uranium-lead and thorium- 
uranium ratios which produced the isotopic differences can be calculated. In the present study these 
differences were determined by using published data on anomalous leads of Paleozoic or younger ages, 
assuming that at the time of rock formation the lead isotopic ratios fitted the normal radiogenic lead 
growth curve. Whereas the radiogenic additions to normal lead in the last 3 billion years are those 
that would be produced by the known thorium, uranium, and lead concentrations in basic rocks, the 
additions to anomalous leads could be the result of extended periods of growth in granitic or shale 
environments. 


Age of source U-238 Th-232 Source of isotopic 
rock (b.y.) Pb-204 U-238 data 
Normal leads 
World average (last 3 b.y.) 10.5 3.5 Russell et al. (1954) 


Patterson et al. (1958) 
Common rocks 


Basalt 8 
Granite 16 3.9 
Anomalous leads 

Joplin, Missouri 3.0 18 3.4 Nier et al. (1941) 
Kulp et al. (1956) 

Southeast Missouri 2.5 15 3.6 Kulpetal. (1956) 

Wisconsin-lowa 2.6 17 3.7 Kulpetal. (1956) 

Altai, U.S.S.R. | 18 3.7 Vinogradov (1955) 

North Urals, U.S.S.R. 3.0 14 3.5 Vinogradov (1955) 
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PLATE-SHAPED CALCAREOUS ALGAE IN LATE PALEOZOIC ROCKS OF 
MIDCONTINENT 


James M. Parks, Jr. 
Shell Development Company, Houston, Texas 


Petrographic studies of several Pennsylvanian and Permian limestones from Kansas, Texas, and 
New Mexico revealed the widespread and abundant occurrence of thin flat to sinuously curved plates, 
which range in thickness from 0.25 mm to 1.25 mm and in length up to 5 cm. The platelike shape of 
these objects can be verified in polished surfaces cut at right angles to each other. These plates are 
generally recrystallized to a mosaic of sparry calcite crystals, but in a few cases enough internal struc- 
ture can be seen to permit assignment to the calcareous algae and to distinguish three general types. 

The most readily recognizable type has large round pores which penetrate essentially the entire 
thickness of the plate: this is Epimastopora, a dasyclad green alga. The second type is characterized 
by large polygonal cells in the center of the plate, bounded by minute polygonal cells on each side: 
this is Archaeolithophyllum, a coralline red alga. 

The third type has not previously been correctly interpreted in America. It is usually recrystal- 
lized and rarely retains any of its characteristic internal structure, which consists of small elongate 
dark cells arranged perpendicular to each surface of the plate and penetrating only a short distance 
into the plate. This form has been described by Khvorova (1946) from Lower Pennsylvanian (Mor- 
rowan equivalent) rocks from the Moscow Basin of Russia and named Jvanovia. It is probably a co- 
diacean green alga. In contrast, Anchicodium Johnson 1946, with similar internal structure, has a 
cylindrical tubular shape. 


ORIGIN OF VOLCANIC BRECCIAS OF THE NORTHERN ABSAROKA REGION, 
WYOMING 


Willard H. Parsons 
Wayne State University, Detroit, Mich. 


Middle Eocene pyroclastic rocks of the Absaroka Mountains and Yellowstone Park were called 
the early acid breccias and early basic breccias in the U. S. Geological Survey folios. These pyroclastic 
rocks are volcanic breccias and tufi breccias with a small percentage of interbedded tuffs and lava 
flows. The breccias are heterolithologic, nonvesicular, very irregular in fragment size, lack sorting, 
and have very crude, if any, bedding. They were formed by the fragmentation of previously crystal- 
lized volcanic rocks. Such fragmentation apparently occurred in part before extrusion of the pyro- 
clastic rocks from dozens of small vents and fissures. Most of the vents are filled with heterolithologic 
breccias. A few miles from extrusive centers the pyroclastic rocks consist of coarse lahars, volcanic 
sandstones, and volcanic conglomerates. 


CAPELINHOS VOLCANO, FAYAL ISLAND, AZORES 


Willard H. Parsons, John W. Mulford and Adrian F. Richards 
Wayne State University, Detroit, Mich.; Cranbrook Institute of Science, Bloomfield Hills, Mich.; 
U.S. Navy Hydrographic Office, Washington, D. C. 


A new volcano appeared half a mile at sea off the west end of Fayal Island on September 27, 1957, 
following a week of earth tremors. Violent explosions for about 3 weeks built a cone half a mile wide 
and 300 feet high. This island cone subsequently disappeared but was rebuilt later in the fall. During 
the winter and spring of 1957-1958 explosive ash eruptions continued until the volcano became a part 
of the main island of Fayal, with several miles of ash beaches. The ash cone was about 500 feet high 
in July 1958, and the ash deposits at Capelinhos Lighthouse, half a mile from the vent, were 30 feet 
thick. 
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A seismic crisis on May 14 formed east-west fractures on both the northwest and southwest flanks 
of Fayal Island, 3-4 miles from the volcano. Uplift on both flanks of Fayal averaged 70 cm, a fumarole 
broke out in the summit caldera, and a few hundred buildings were destroyed. Following this earth- 
quake period, the eruptions of the new volcano changed character to a mild Strombolian type of ac- 
tivity with small lava flows entering the sea. 

The authors visited the volcano during early July under the sponsorship of the Cranbrook Institute 
of Science. Incandescent lava was being thrown 300-500 feet above a spatter cone built inside the 
older cinder cone. Activity was intermittent; active phases lasted 2-4 hours, separated by shorter 
quiet intervals. Temperature readings by optical pyrometer on the lava jets from the inner cone 
averaged 980°C. 


PETROLOGY OF SOME PENNSYLVANIAN BLACK “SHALES” 


Charles E. Payton and Leo A. Thomas 
Department of Geology, Iowa State College, Ames, Iowa 


Black fissile “shales” from some Missourian and Virgilian cyclothems of central Iowa and eastern 
Nebraska have been analyzed. 

The stratigraphic succession commonly consists of three basic elements, a lower black fissile silt- 
stone, a black “varved”’ siltstone, and an upper gray to gray-green shale. 

Organic content ranges from 2 to 26 per cent. Acid-soluble content ranges from 11 to 38 per cent. 
An inverse relationship is observed between acid-soluble material present and organic content. A 
direct relationship exists between organic content and fissility. 

X-ray, petrographic, and particle-size studies show predominance of quartz silt particles, with 
lesser amounts of illite, kaolinite, vermiculite, pyrite, and carbonates. The siltstone has the general 
mineral composition of graywacke. Sorting coefficients range from 1.9 to 4.3. No general trend in the 
degree of sorting is apparent. 

Conodonts, fish remains, orbiculoids, and pectenoids are most common in the lower two units, 
whereas brachiopods, such as Marginifera, Chonetes, and Derbyia, are most abundant in the upper- 
most unit. 

The stratigraphic and paleontologic characteristics, as well as many other features, have their 
closest associations with modern tidal-flat deposits. The consistent thinness, yet distinctive lithologic 
characteristics of the black silts over considerable geographic extent do not seem consistent with 
tidal-flat deposition. 

The intimate association of the black siltstones with an underlying fusulinid-bearing, thin, blue- 
gray limestone indicates either a cyclothem hiatus or, preferably, deposition of the black siltstone in 
a regressing sea. 


BROWNSPORT (SILURIAN) BRYOZOANS FROM WESTERN TENNESSEE 


T. G. Perry 
Department of Geology, Indiana University, Bloomington, Ind. 


Material for this study was obtained from 20 exposures of the Brownsport formation (Silurian) 
in Hardin, Wayne, Decatur, and Perry counties, Tennessee. The most striking characteristic of this 
fauna is its homogeneity. Approximately 85 per cent of the several thousand specimens collected are 
fistuliporoids, and most are assigned to the genera Fistulipora and Dybowskiella; the range of the 
latter genus must be extended to include its occurrence in the Brownsport. Other common genera in 
this fauna are Hallopora, Monotrypa, and a new trepostome genus which is probably represented by 
two species. Fenestellids form a minor faunal element. Stratigraphic zonation of the Brownsport by 
byrozoans does not appear feasible, as the common species seemingly range throughout the formation 
and at any place and horizon may be very rare or abundant because of local ecologic conditions. 
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Examination of a small collection (approximately 200 specimens) from the Henryhouse shale 
(Silurian) of Oklahoma suggests that the Brownsport and Henryhouse bryozoan faunas differ con- 
siderably; in contrast, previous studies have shown close similarity between Henryhouse and Browns- 
port brachiopod faunas. Fistuliporoids and Hallopora are conspicuously less abundant in the Henry- 
house; Leioclema, rare in the Brownsport, is common in the Henryhouse; and the new trepostome 
genus, common in the Brownsport, was not recognized in the Henryhouse. Monotrypa is represented 
about equally in the Brownsport and Henryhouse faunas. 


SEDIMENTOLOGY AND OCEANOGRAPHY IN MEXICAN COASTAL LAGOONS 


Fred B Phleger and Gifford C. Ewing 
Scripps Institution of Oceanography, University of California, La Jolla, Calif. 


Scammon Lagoon on the Pacific coast of Baja California has an arid climate with no runoff. The 
sediment is mostly medium sand blown across the barrier island. Coarse sand and cobbles occur in 
the deep, narrow channels which are maintained by strong tidal currents. Silt and clay occur in the 
inner area which is fringed by salt flats. 

This is a two-cycle lagoon. The first cycle was a river valley perpendicular to the coast and sepa- 
rated from the ocean by a barrier island, remnants of which are older than 37,000 years and probably 
last interglacial. The present cycle developed parallel to the coast when the sea reached its present 
level. Radiocarbon dating of an old beach indicates that the barrier island has prograded seaward 
half a mile in 1000 years; it is suggested that this is related to a rainy period approximately 1000 years 
ago. 

Santo Domingo lagoon in an area of moderate runoff is narrow and parallel to the coast. Regular 
spacing of inlets is caused by hydraulic head due to tidal-phase lag within a lagoon. Meeting of tides 
causes rapid deposition of fine sediment at regular intervals and eventual separation into multiple 
lagoons. The next stage is shown in the Scammon area where multiple lagoons exist. 

Lagoons at Mazatlan and Manzanillo have multiple barrier islands which were formed in part by 
wave action upon abundant supply of sediment from high runoff. 

Lagoon sediment and faunal patterns are distinctive and are related to climate, exposure, and tidal 


range. 


LOWER PERMIAN OCCURRENCE OF “AMPHIBIAN TRACKS” (INVERTEBRATE 
BURROWS) IN CENTRAL TEXAS 


J. B. Pogue and J. M. Parks, Jr. 
Shell Development Company, 3737 Bellaire Blud., Houston, Texas 


On a recent San Angelo Geological Society field trip, an occurrence of impressions was described 
as “amphibian tracks” in the basal sandstone of the Waldrip Shale (lower Permian) in northwest 
Brown County, Texas. 

The lobate concavities range in size from about 2 to 6 inches in width, and the greatest depth, at 
the center, reaches about 214 inches. The impressions have four, five, or more lobes; some have a low 
parapet on one rim of the impression, arranged with rough regularity about a central depression. 
From the central depression a circular cylindrical tube, about an inch in diameter and filled usually 
with a muddy siltstone finer than the sandy matrix, extends vertically downward for several inches, 
in several cases even into lower beds. 

From the evidence, especially the cylindrical tubular fillings beneath the centers of the impres- 
sions, it is concluded that the impressions are not the tracks of any vertebrate. It is suggested that 
these impressions are similar in origin to Conostiches of the Pennsylvanian of the Appalachian Basin 
and were burrows made by marine vermiform invertebrates, probably belonging to the Phoronida, 
which were living in tubes on a shallow sandy marine or estuarine beach. 
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LAND SUBSIDENCE DUE TO WITHDRAWAL OF FLUIDS* 


J. F. Poland and G. H. Davis 
U.S. Geological Survey, 2520 Marconi Ave., Sacramento, Calif. 


Land subsidence may result from several causes. This paper describes subsidence caused chiefly 
if not wholly by fluid withdrawal. 

Subsidence related to the removal of oil and gas in Wilmington, California, Goose Creek, Texas, 
and other localities near sea level has created serious and novel problems, and recent intensive in- 
vestigations have been made at Wilmington to analyze causes and efiects and to suggest remedies. 

Subsidence caused chiefly by removal of artesian water in California, Texas, Mexico City, and 
elsewhere—as much as 20 feet in two places—has created serious engineering problems. In California 
and in Mexico City, recently developed methods are being used to measure compaction of the de- 
posits in place, and field results are being compared with laboratory tests of compressibility of ma- 
terials as related to change in artesian head. 

Field studies indicate that compaction and, hence, subsidence are due to decreasing the artesian 
head and thus increasing the effective load on the confined reservoir system. 


ULTRAMAFIC ROCKS IN HIGHLINE LAKES AREA, BEARTOOTH 
MOUNTAINS, WYOMING 


Arie Poldervaart 
Department of Geology, Columbia University, New York, N. Y. 


Along the east side of the Beartooth Mountains, Wyoming, a belt of ultramafic bodies of Alpine 
type parallels the eastern thrust front. The Highline Lakes area is within this belt, and here 18 small 
ultramafic lenses are found in an area 2500 by 1000 feet. The area contains an anticlinal axis with 
trend N. 50° E. and plunge 40°-50° SW.; ultramafic lenses are aligned in the same direction and have 
a similar plunge. Compass and dip-needle measurements in the field show that each body has a dif- 
ferent magnetization direction. Mineral banding is shown by three bodies and in each has a different 
direction. Apparently the lenses are independent. Structural patterns indicate that they moved as 
solid bodies through plastic country rocks during regional metamorphism and granite formation. 

Minerals found in almost all possible combinations are: serpentine, talc, chlorite, phlogopite, 
actinolite, olivine, orthopyroxene, anthophyllite, spinel, and magnetite, with or without chromite. 
Olivine is residual or regenerated; orthopyroxene is poikiloblastic, and all of it is metamorphic. 
Mineral banding is metamorphic and caused by alternations of serpentine-magnetite and olivine- 
orthopyroxene-actinolite, or actinolite and olivine-orthopyroxene. Contacts may contain hornblende 
or asbestiform tremolite, which probably results from metasomatic interaction with country rocks. 

Chemical analyses are given for rocks and minerals, and phase relations are discussed. Apparently 
the different mineral assemblages formed by variations in water content and water pressure, at the 
same temperature and rock pressure. 


STRUCTURAL SYNTHESIS OF AN AREA IN SOUTHEASTERN GRANITE 
COUNTY, MONTANA 


Glenn J. Poulter 
Box 1652, Casper, Wyo. 


More than 26,000 feet of sedimentary rocks, ranging in age from Precambrian to Recent, is 
exposed in southeastern Granite County, Montana. These rocks consist primarily of competent 


* Publication authorized by the Director, U. S. Geological Survey. 
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quartzites and carbonates with minor incompetent shale intervals which provided important zones 
for bedding-plane slip. 

The Georgetown thrust, a classic example of a folded thrust, traverses the map area for 18 miles. 
It has an over-all length of at least 40 miles with a minimum horizontal displacement of 4 miles and 
a maximum throw of about 22,500 feet. Movement occurred along two planes of rupture at different 
times and was diagonal across competent strata and subparallel to bedding in the incompetent strata. 
The stages in its development are outlined and related to the development of local structures as well 
as to major tectonic units of the region. Evidence exists for at least two phases of Laramide com- 
pression: the earlier, probably Paleocene, phase produced north-trending structures; the later, early 
(2?) Eocene, phase produced northeast-trending structures. Intrusion of granitic stocks in the south- 
ern part of the area followed displacement along the Georgetown thrust and imparted a northward 
plunge to the folds. Post-Miocene deformation has tilted the Oligocene-Miocene clays and offset 
older rocks along normal faults. 


POSSIBLE EXTENSION INTO IDAHO, NEVADA, AND UTAH OF THE PEARLETTE 
ASH OF MEADE COUNTY, KANSAS 


Howard A. Powers, Edward J. Young, and Paul R. Barnett 
U.S. Geological Survey, Denver, Colo. 


Among several hundred samples of Cenozoic volcanic ash of the western States, 50 have been 
studied that are similar physically and chemically, are of Pleistocene age, and are significantly 
different from other Pleistocene ash samples. The 50 samples contain phenocrysts of chevkinite, a 
titano-silicate of cerium earths not previously reported from American volcanic rocks. Eight samples 
from an ash at Hagerman, Idaho, differ from the rest consistently in silica, iron, potassia, fluorine, 
boron, copper, and gallium—enough to suggest a separate origin for the Hagerman ash. One ash in 
Pine Valley, Nevada, and one in Platte County, Wyoming, contain three varieties of hornblende 
and two of zircon dominant over chevkinite. A younger two-layered bed in Pine Valley and a two- 
layered bed from a drill core in Salt Lake sediments are similar: each lower layer contains ferroaugite 
dominant over chevkinite, fayalite, brown hornblende, and two zircons; each upper layer contains 
three hornblendes dominant, rare ferroaugite, and one zircon. Samples similar to one or the other, 
or a mixture of these layers, come from La Sal Mountains, Utah; Golden, Colorado; several counties 
of southeast Nebraska; the Pearlette ash of Meade, Lincoln, Russell, and Chautauqua counties, 
Kansas; and Knox and Roberts counties, Texas. Large blocks of pumice in a welded tuff near Las 
Vegas, Nevada, contain ferroaugite dominant over chevkinite, fayalite, two zircons but no horn- 
blende. More information about the distribution of phenocrysts and minor variations in chemical 
composition may indicate the limits of confidence to be placed in correlation of these ash deposits. 


STRATIGRAPHIC DISTRIBUTION OF CLAY MINERALS IN THE UPPER 
MISSISSIPPI EMBAYMENT SEDIMENTS 


Wayne Arthur Pryor and Herbert D. Glass 
Illinois State Geological Survey, Urbana, Ill. 


Cretaceous and Tertiary clays of the Upper Mississippi Embayment have clay-mineral assemblages 
that reflect the environments of their deposition. The environments of the sediments were determined 
chiefly on the basis of paleontologic and petrologic criteria, and the clay-mineral compositions were 
superimposed on these criteria for comparison. 

Nonmarine Cretaceous and Eocene clays are composed chiefly of kaolinite with subordinate 
amounts of mica. The Cretaceous clays can be differentiated from the Eocene by the larger amounts 
of mica they contain. Marine Cretaceous and Paleocene clays are composed chiefly of montmorillo- 
nite. Cretaceous and Eocene clays of transitional environments contain varying mixtures of kaolinite 
and montmorillonite. The relative amount of montmorillonite present can be used as a rough index 
of shore-line proximity. 
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ARKANSAS DESERTS 


James Harrison Quinn 
Department of Geology, University of Arkansas, Fayetteville, Ark. 


Ventifacts, prairie mounds, cliff sapping, and stream alluviation are evidence that desert condi- 
tions existed in Arkansas one or more times in the past. 

Ventifacts are wind-polished and somewhat faceted. Subsequent weathering and transportation 
has partially destroyed the surfaces and facets. Two ancient soil profiles overlie ventifacts near 
Fayetteville. 

Prairie mounds are small, rounded hills locally formed on a blanket of loess. Symmetry of the 
mounds is attributable to the fact that desert vegetation grows in rounded clumps. These clumps trap 
and hold eolian material being deflated from barren surrounding terrain. In the arid Southwest this 
process is active today. 

Cliff sapping along valley sides has been carried on by wind removal of products of decomposition 
formed by direct reaction between air and bare rock. Shales and some siltstones decompose more 
readily than massive limestones and sandstones. Consequently, the latter are undermined, fall, and 
accumulate on slopes below. 

Surfaces of the fallen blocks are rounded and weathered as on the cliffs above. Accumulation of 
movable detritus under clifi overhangs also indicates that the process of undermining is not now 
active, because of protection afforded by thick forestation. 

Stream alluviation occurred when the mastodon still lived in the region, but dissection is now in 
progress. Alluviation is a product of arid conditions and indicates, as do the ventifacts, mounds, and 
cliff sapping, that Arkansas at one or more times in the past has had less than 10 inches of rainfall 
for prolonged periods. 


LOWER DEVONIAN NONMARINE SEDIMENTS IN THE VICINITY OF 
TRAVELER MOUNTAIN, NORTH-CENTRAL MAINE 


Douglas W. Rankin 
Department of Geology, Harvard University, Cambridge, Mass. 


In the vicinity of Traveller Mountain, north-central Maine, at least 8500 feet of felsitic flows, tufis, 
and welded tuffs (Traveller rhyolite of Toppan) conformably overlies a marine subgraywacke of 
Oriskany age. The felsites crop out over an area of about 100 square miles. Unconformably above the 
felsites is a formation consisting of volcanic conglomerate and sandstone, siltstone, black shale, and 
siderite-chamosite ironstone. There is a basal conglomerate approximately 250 feet thick (felsite de- 
tritus), and conglomerate lenses occur throughout the section. This formation, the youngest in the 
region, is preserved in the center of a syncline. Abundant, well-preserved Lower Devonian terrestrial 
plant impressions (Dorf) occur in nearly every outcrop. Ostracods, tentatively Onondaga or older, 
occur in higher black shales. 

A nonmarine environment seems probable for this highest formation. Two hypotheses are pre- 
sented; the first is favored: (1) the sediments were derived from a local volcanic island; (2) they were 
derived from a much larger landmass—i.e., the formation represents the initiation of the Acadian 
orogeny. Subaerial eruption is probably a necessary condition for welded tuffs. If it is, a landmass of 
at least 100 square miles existed. If a larger landmass existed, other lithologies should be present in 
the conglomerates, but they are not. Near-shore marine beds of Onondaga age occur near Moosehead 
Lake (Boucot). However, their equivalence with the plant-bearing beds has not been demonstrated. 
The writer believes that the volcanic rocks are Oriskany; hence, the plant-bearing beds may be older 
than Onondaga. 
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STRATIGRAPHY OF THE WESTERN PART OF THE GRANDFATHER MOUNTAIN 
WINDOW, NORTH CAROLINA 


John C. Reed, Jr., and Bruce Bryant 
U.S. Geological Survey, Federal Center, Denver, Colo. 


Sedimentary and volcanic rocks of low metamorphic grade are exposed in the Grandfather Moun- 
tain window in the Blue Ridge province of North Carolina east of the Spruce Pine district. Two se- 
quences of sedimentary rocks have been recognized in the western part of the window, one of which is 
apparently autochthonous with respect to the basement rocks within the window. The following 
stratigraphic sequence has been tentatively established: 


Allochthonous sequence Autochthonous sequence 
(Thrust) (Thrust) 
(4) Blue-gray dolomitic marble (2) Dark biotite phyllite and phyllitic siltstone, 
(3) Thick-bedded to massive vitreous white with thin beds of calcareous phyllite and 
quartzite with interbeds of arkose rare lenses of sandy marble; meta- 
and steel-blue phyllite; 800 feet morphosed basic volcanic flow near base 
(2) Dark-blue-gray to black phyllite; 30- at one place 
100 feet (1) Massive to thin-bedded light-colored quartz- 
(1) Thick- to thin-bedded feldspathic ite, arkose, conglomerate, and sericite 
quartzite and arkose with much in- phyllite; conglomerate and very coarse 
terbedded dark phyllite arkose common in upper part; meta- 
(Thrust) morphosed basic volcanic flows common 


in upper part 
(Folded unconformity) 
Cataclastic granitic gneiss 


No fossils have been found. Lithologic similarities suggest that the dolomitic marble of the alloch- 
thonous sequence is probably correlative with the Lower Cambrian Shady dolomite in the Valley 
and Ridge province. The underlying sediments are presumably at least in part equivalent to the 
Lower Cambrian and Precambrian(?) Chilhowee group, but some pre-Chilhowee beds may be present. 


NATURAL CUBIC (8) SILICON CARBIDE 


Andrew J. Regis and L. B. Sand 
Department of Mineralogy, University of Utah, Salt Lake City, Utah 


Silicon carbide was found in the salt zone of the Green River formation in the Bridger Basin, 
Wyoming. This zone is exposed at the 1500-foot level of the Intermountain Chemical Corporation 
trona mine at Westvaco. 

It occurs as subhedral bluish-black and green crystals up to 1 mm maximum dimension in a seam 
of parallel fibrous aggregates of loughlinite and in the associated shale. 

The mineral was identified as the low-temperature cubic (8) SiC polymorph by X-ray-diffraction 
analysis. This is the first reported occurrence of natural 8 SiC. 

The shale associated with the SiC and loughlinite is stripped of most of its mineral components and 
all its hydrocarbon components, and the clay is amorphous to X rays. This shale contains 10% dolo- 
mite, 50% quartz, and amorphous clay; this contrasts with the mineral composition of the oil shales 
associated with loughlinite but containing no SiC: 25% dolomite, 15% quartz, 20% illite, 10% 
montmorillonite, and 30% shortite, orthoclase, trona, searlesite, and hydrocarbons. In this basin the 
composition of the Green River shales, which show no effects from secondary fluids, is 15% mont- 
morillonite, 10% illite, 25% quartz, 20% dolomite, 15% calcite, and 15% feldspar and zeolite. 

The silicon carbide probably was formed by ascending hot fluids, originating from volcanic activity, 
which migrated through quartz dolomite siltstone aquifers and reacted with the hydrocarbons and 
quartz in the shales. Later, colder fluids migrating along the aquifers formed the loughlinite and as- 
sociated searlesite. 
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GEOLOGIC HISTORY OF TEAYS VALLEY, WEST VIRGINIA 


Edward C. Rhodehamel and Charles W. Carlston 
U. S. Geological Survey, P. O. Box 1689, Trenton, N. J. 


A segment of the abandoned pre-Pleistocene Teays Valley between Scary and Huntington, West 
Virginia, stands 130-240 feet above the Ohio and Kanawha rivers, and its bedrock floor slopes west- 
ward at about 0.6 foot per mile. 

The bedrock floor is overlain by highly weathered gravel in which a soil profile developed; only 
resistant siliceous materials remain. Up to 100 feet of locally derived sediments overlies the basal 
gravel. At each end of the valley was deposited sand which grades laterally into laminated silty clay 
in the east-central part. This clay is weathered to a maximum depth of 32 feet. Younger silty clay 
occurs at a lower elevation in the western part of the valley and is weathered to a depth of about 14 
feet. The youngest deposits in the valley are scattered unweathered igneous and metamorphic pebbles 
which occur as much as 110 feet above the present Ohio River. 

The deposits suggest that the Teays Valley in West Virginia was abandoned in late Tertiary or 
early Pleistocene time and that prolonged weathering followed. Owing to ponding, probably in Kansan 
time, laminated silty clay was deposited in the east-central part of the valley, and sand in the re- 
mainder. These deposits are deeply eroded. Probably during Illinoian time, ponding at a lower level 
resulted in deposition of silty clays in the western part of the valley. During a brief ponding in Wis- 
consin time a veneer of ice-rafted pebbles was deposited. 


PETROGRAPHIC NOTES ON TWO EASTERN PACIFIC OCEANIC ISLANDS 
AND A SEAMOUNT 


Adrian F. Richards 
U.S.N. Hydrographic Office, Washington, D.C. 


Rocks have been collected during the past 5 years from all eastern Pacific oceanic islands not 
previously sampled, except for a few minor islands in the Galapagos archipelago. On the 1957 Scripps 
Institute of Geophysics Revillagigedo Expedition, trachyte was collected from the south and middle 
rocks of the Rocas Alijos of Mexico. The top of a large seamount also was sampled. It rises to within 
150 fathoms of the sea surface and is located in Lat. 15° 18’ N. and Long. 110° 55’ W. on the sub- 
marine range which extends from Isla Socorro south nearly to Clipperton Island. Lava dredged from 
a single flow on the flank of the seamount is andesine andesite porphyry. Rocks recently collected 
from Isla Guadalupe of Mexico show that olivine-bearing, augite-andesine andesite porphyry and 
biotite trachyte occur in addition to the olivine basalt and andesine andesite previously known. All 
the described andesites appear to be of the oceanic type. 

Most of the eastern Pacific islands are still geologically little known, and there is a large sampling 
bias on many of the islands. Almost nothing is known about the composition of the very large number 
of seamounts in this area. The principal variation among rocks on these islands and seamounts is 
the presence or absence of nepheline. Nepheline appears to occur only in the rocks ef Isla San Felix, 
Isla San Ambrosio, and the Islas Juan Fernandez, all of which are located south of the Islas Galapagos. 


USE OF WATER-WELL DATA IN INTERPRETING THE OCCURRENCE OF 
UPPER CRETACEOUS AQUIFERS IN NORTHEASTERN LYON COUNTY, 
MINNESOTA 


H. G. Rodis 
U.S. Geological Survey, St. Paul, Minn. 


Study of the geology and ground-water resources of Lyon County, southwestern Minnesota, in- 
cluded the collection and interpretation of numerous records of farm wells, the majority of which 
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tap Cretaceous sandstone aquifers. It was assumed that most farm wells are completed in the upper- 
most few feet of the water-bearing bed tapped. By applying simple statistical methods to study the 
vertical and geographic distribution of well-bottom elevations, it has been possible to outline the 
general extent of the Cretaceous aquifers and to suggest a possible depositional environment. 

The Upper Cretaceous sedimentary rocks of northeastern Lyon County rest on Precambrian 
granite and are veneered with glacial drift. The Cretaceous sandstones are essentially flat lying and 
occur at several distinct horizons. They are interbedded with unconsolidated dark-bluish-gray shales 
and yield relatively soft water under artesian conditions. In the vicinity of the flanks of a granite 
“high” in the northeastern corner of the county the aquifers are considerably more numerous than in 
a deeper depositional basin to the southwest; this suggests that the sands may have been deposited 
during a transgression of the Cretaceous sea. 


SIGNIFICANCE OF THE IRON CONTENT OF SPHALERITE 


Arthur W. Rose 
P.O. Box 228, Safford, Ariz. 


In conjunction with a study of trace elements, about 200 sphalerites from the Central District, 
New Mexico, and the Bingham District, Utah, have been analyzed for iron by X-ray fluorescence. 
The FeS content ranges from 4.2 to 18.5% at Hanover in the Central District and from 0.84 to 
9.4% in the southwestern part of the same district. At Bingham the range is from 0.2 to 16.7%; 
sphalerite from certain structures has consistently less than 1% FeS. A range from 4.3 to 12.1% FeS 
was found in a single crystal from Hanover. Pyrite is almost ubiquitous in both districts, and pyr- 
rhotite is known. The large range of iron content is attributed to variations in temperature or chemical] 
composition of the ore fluid or to lack of equilibrium of sphalerite with iron minerals. 

Principal difficulties in determination of temperature from iron content of sphalerite are the lack of 
criteria for equilibrium and sulfur pressure, and the pressure correction, all of which probably result 
in lower iron content than that given by the FeS-ZnS equilibrium diagram. It is therefore suggested 
that the iron content of sphalerite be regarded as giving minimum temperatures; that is, the tempera- 
ture was at least as high as the value obtained from the FeS-ZnS solvus and possibly higher. On this 
basis, temperatures reached at least 550°C. at Hanover, 600°C. at the Cleveland Mine near Pinos 
Altos, New Mexico, and 550°C. at Bingham. 


SUBDIVISION OF THE AMPHIBOLITE HORNFELS METAMORPHIC FACIES* 


Robert L. Rose 
Nevada Bureau of Mines, University of Nevada, Reno, Nev. 


The amphibolite hornfels facies (formerly the cordierite-anthophyllite subfacies, amphibolite 
facies) was originally described and defined by Eskola in the Orijarvi region. The critical mineral 
assemblage hornblende + calcic plagioclase is definitive of this facies. In the Orijarvi region pelitic 
rocks are represented by muscovite + biotite + quartz (+ cordierite or andalusite). Pelitic rocks in 
the pyroxene hornfels facies (defined by the assemblage: hypersthene + diopside + calcic plagio- 
clase, type locality Oslo, Norway) are represented by the assemblage cordierite + andalusite + 
potassium feldspar + biotite, hypersthene. 

Maximum-grade metamorphic rocks in the granitic contact aureoles of California and Nevada 
typically belong to the amphibolite-hornfels facies, as they are characterized by the assemblage calcic 
plagioclase + hornblende. In many places (e.g., May Lake, Yosemite; Big Hill, California; Raw- 
hide, Nevada) they are intermediate between the Orijarvi and Oslo assemblages, as the pelitic rocks 
contain potassium feldspar in association with andalusite and/or cordierite. This assemblage com- 
monly shows retrogression to quartz + muscovite + biotite, whereas the associated amphibolites 
show little, if any, alteration. 


* Publication authorized by the Director, Nevada Bureau of Mines. 
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The occurrence of the two pelitic mineral assemblages with amphibolites and the retrogressive 
relationships make possible a twofold subdivision of the amphibolite-hornfels facies. The higher sub- 
facies is characterized by the association microcline + andalusite and/or cordierite. The writer sug- 
gests this be called the cordierite-microcline subfacies. The lower subfacies or the quartz-muscovite- 
biotite subfacies is characterized by that mineral assemblage. 

Proper subfacies assignment of a group of contact-metamorphic rocks requires the association of 
one of these pelitic mineral assemblages with a hornblende-calcic plagioclase rock. 


GEOLOGY OF THE MACKINAC BRIDGE SITE, MICHIGAN 


Jack C. Rosenau 
U. S. Geological Survey, P. O. Box 1689, Trenton, N. J. 


The Straits of Mackinac is a 70-mile connecting link between Lake Michigan and Lake Huron; 
its width at the site of the Mackinac Bridge is 4 miles, and its maximum water depth is at least 290 
feet. 

Two bedrock valleys were delineated at the bridge site. The major valley is about mid-stream and 
exceeds 350 feet in depth below lake level; the smaller valley is half a mile from the south shore and 
has a minimum depth of 237 feet. Both valleys were formed late in Pleistocene time at the northern 
rim of the Michigan basin. They were cut into the cherts and cherty dolomites of the Bois Blanc 
formation; the limestones, dolomites, and shales of the St. Ignace formation; and the red and blue- 
green shales of the Salina formation. The identification of a buried terrace and “‘sea stack’’ on the 
north side of the larger valley establishes a new low-water stage between glacial lakes Algonquin and 
Nipissing. 

The bridge foundation consists of 34 piers that extend to depths as great as 206 feet and are as 
much as 3800 feet apart where the bridge spans the major buried valley. The foundation is the result 
of 2 years of simultaneous study and construction, which included the drilling of about 1000 feet of 
soil borings, 2300 feet of rock borings, and 220 bedrock jet probings. Numerous drilling and interpre- 
tation problems resulted from contrasting hardness of formations penetrated. 


CALCITE-DOLOMITE GEOTHERMOMETER AND FOSSIL THERMAL GRADIENTS IN 
SOUTHEAST VERMONT 


John L. Rosenfeld and R. Dale Cotter 
Dept. of Geology, Univ. of California, Los Angeles, Calif.; U. S. Geological Survey, 1610 Post Office 
Building, St. Paul, Minn. 


Using the solvus for the system Ca2(CO3)2-CaMg(COs;)2 determined by Graf and Goldsmith and 
Harker and Tuttle and an exponential extrapolation to lower, experimentally unobtainable tempera- 
tures, X-ray measurements on calcite coexisting with dolomite show variations in saturation mole 
per cent of MgCO; from 8.4 per cent in the “kyanite zone” of metamorphism near the core of the 
Chester dome to 2.8 per cent in the “chlorite zone” along the axis of the Connecticut Valley syn- 
clinorium. Such variation leads to a temperature span (uncorrected for pressure) from 625°C. to 
375°C. in a distance of 8.4 km and an average horizontal gradient of 30°C. per km. 

Correlation with the kyanite-sillimanite univariant curve of Clark, Robertson, and Birch and 
Kennedy suggests attainment of pressures in excess of 12,000 bars, indicative of a depth of more than 
45 km. Geophysical interpretation, also based on assumed accuracy of experimental work, further 
suggests that much of the vertical thermal gradient well above the level now exposed would have 
been less than 11°C. per km. 

The lattice spacings of calcite coexisting with ferriferous dolomite show lower values than those of 
calcite coexisting with ‘“‘clean” dolomite at a given temperature as a result of the considerably greater 
ease with which FeCO; enters into solid solution in the calcite structure. Failure to consider FeCO* 
present in calcite results in higher apparent temperatures if the lattice spacing alone is used to de- 
termine composition. 


4 
- 8 


MEETING IN ST. LOUIS 1637 


DATA ON COEXISTENT MUSCOVITE AND PARAGONITE 


J. L. Rosenfeld, J. B. Thompson, and E. Zen 
Dept. of Geology, Univ. of California, Los Angeles, Calif.; Dept. of Mincralogy and Petrography, Harvard 
Univ, Cambridge, Mass.; Dept. of Geology, Univ. of North Carolina, Chapel Hill, N. C. 


Coexistent muscovite and paragonite from mica schist at Gassetts, Vermont, have been separated 
and analyzed. The results (Mol per cent), corrected for muscovite impurity in the paragonite sample 
by calculations based on X-ray intensity, are: 


Muscovite Paragonite 
KAI;Sis010(OH)2 60.8 11.0 
NaAl;Si;010(0H)2 38.4 81.0 
0.8 8.0 


Basal spacings (A) for this and other representative occurrences of coexistent muscovite and 
paragonite are: 


Zone Muscovite Paragonite Difference 
Pizzo Forno, Switz. _ kyanite 9.888 9.647 0.241 
“Monte Campione’’, Switz. kyanite 9.892 9.649 0.243 
Gassetts, Vt. kyanite 9.918 9.640 0.278 
Simpsonville, Vt. kyanite 9.919 9.641 0.278 
Cavendish, Vt. kyanite 9.922 9.638 0.284 
Grafton, Vt. kyanite 9.925 9.639 0.286 
West Townshend, Vt. kyanite 9.940 9.644 0.296 
Townshend, Vt. kyanite 9.931 9.629 0.302 
Chester, Vt. kyanite 9.933 9.631 0.302 
Ludlow, Vt. garnet 9.948 9.646 0.302 
East Jamaica, Vt. staurolite 9.933 9.630 0.303 
Plymouth, Vt. garnet 9.948 9.644 0.304 
Harmonyville, Vt. kyanite 9.938 9.632 0.306 
Athens, Vt. kyanite 9.941 9.632 0.309 
Glebe Mtn., Vt. garnet 9.932 9.622 0.310 
Jamaica, Vt. garnet 9.937 9.625 0.312 
Londonderry, Vt. garnet 9.939 9.626 0.313 
Pittsfield, Vt. garnet 9.943 9.627 0.316 
Stratton, Vt. garnet 9.947 9.626 0.321 
Heartwellville, Vt. garnet 9.950 9.623 0.327 
Ira, Vt. biotite 9.975 9.623 0.352 
Danby, Vt. biotite 9.981 9.623 0.358 


There is a general convergence of the spacings with rising metamorphic grade. Direct correlation 
of basal spacing with composition is not possible owing to the ternary nature of the paragonite solid 
solution. Present data suggest that the relationship between composition and basal spacing in the 
ternary solid solution is nonlinear. 


COMPARISON OF THE HIGH-LOW INVERSIONS IN 
CARNEGIEITE AND CRISTOBALITE 


Della M. Roy and Rustum Roy 
Dept. of Geophysics and Geochemistry, The Pennsylvania State Univ., University Park, Pa. 


Even in pure cristobalite the temperature of the high-low inversion is a direct measure of the 
degree of “crystallinity” or order (both stacking order and order within the layers). The poorest 
crystallized cristobalites invert at about 200°C. on heating and show no hysteresis (or a negative 
hysteresis) on cooling, whereas .perfect-3C cristobalite formed by long heating at 1600°C. has an 
inversion temperature of 267°C. on heating and supercools by a constant 25°C. The phenomena 
observed are well explained by using the hypothesis of the presence of several different cristobalites in 
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the average sample, each with different degrees of order. In carnegieite prepared from gels and glasses 
over a wide range of temperature and time, the range of variability of the high-low inversien tempera- 
ture is much less: from 669°-694°C. on heating, and from 698-686°C. on cooling. In every case but 
one there was a negative hysteresis between the initial heating and cooling breaks in carnegieites. In 
material annealed just above the inversion for 400 hours the highest inversion temperature was ob- 
tained; material crystallized just below the melting point for 48 hours shows no hysteresis but a 
temperature of 687°C. Thus the analogy to cristobalite, assigning the variability of the inversion to 
“crystallinity” and the multiplicity of “carneigieites” which can form, is good; however, in carnegieite 
the relation between actual inversion temperature and degree of order does not appear to be as simple 
as in cristobalite. 


PALEOSOLS OF BERMUDA 


R. V. Ruhe, R. S. Gomez, and J. G. Cady 
Soil Conservation Service, Post Office Box 127, State College, N. M. 


Sayles recognized five buried soils that stratigraphically separate eolianites and an interbedded 
marine limestone in Bermuda. He considered that the paleosols represent interglacial ages or inter- 
stadials. Some soils were considered “residual”, weathered in place, and some accretionary, made up 
of debris reworked and deposited by wind. Estimates of time of weathering of “residual” soils were 
made by computing ratios of insoluble residues in parent material eolianite to the bulk of the soils. 

Field study in Bermuda shows that island-wide correlation of the paleosols may be tenuous. Cuts 
are not available that permit direct tracing of soils from place to place. It is not possible to prove 
whether one buried soil predates or postdates another unless superposition is shown. Only one section, 
McGall’s Bay, shows a possible fivefold break. Correlation of this section with others in Bermuda is 
tenuous. 

The morphology, physical and chemical properties, and mineralogy (X-ray, DTA, and thin 
sections) of the paleosols show that the Shore Hills and St. George’s soils of Sayles have considerable 
soil development and may represent major stratigraphic breaks. They are not “residual” but have 
other materials incorporated in their uppermost parts. Thus, Sayles’ time estimates are subject to 
question. The Harrington, Signal Hill, and McGall’s paleosols have only very weak oxidation pro- 
files, or slight accumulations of organic matter in their uppermost parts. The latter two soils may 
represent only local pauses in accretion during accumulation of the later Bermuda dunes. 


VALLEY-FILL DEPOSITS IN THE INYAN KARA GROUP NEAR EDGEMONT, 
SOUTH DAKOTA 


J. Donald Ryan 
Dept. of Geology, Lehigh University, Bethlehem, Pa. 


Rocks of the Lower Cretaceous Inyan Kara group in the Black Hills, South Dakota, include a 
complex sequence of claystones, mudstones, siltstones, sandstones, and locally limestones and thin 
lignite beds. Near Edgemont, South Dakota, two thick sandstone bodies, one in the Lakota forma- 
tion and one in the Fall River formation, truncate basically simple sequences of finer-grained rocks. 
Similar bodies of sandstone are found at several other stratigraphic levels in near-by areas. The 
distribution of these sandstones and their contacts and sedimentary structures indicate that they 
occupy ancient stream valleys and associated irregularities produced by Early Cretaceous erosion of 
the finer-grained rocks. The valley-fill deposits form elongated, relatively narrow, sinuous bodies, and 
one has been traced for 25 miles. Thus, the sand-filled valleys are directional elements of large mag- 
nitude. 

Cross-bedding and current lineations are small scale internal directional features which are useful 
in (1) mapping the deposits and (2) determining their source. Locally, the average strike of the dip 
azimuths is parallel to the trend of the enclosing deposit. Regionally, the dip azimuths are west- 
northwest—indicating an eastern or southeastern source. 
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Erosion of the Inyan Kara valleys probably took place in response to mild and recurrent tectonic 
movements during the period of Inyan Kara sedimentation. 


PERITHECAL STRUCTURES IN STROMATOPORELLA GRANULATA (NICHOLSON) 


Joseph St. Jean, Jr. 
University of North Carolina, Chapel Hill, N.C. 


Study of the peritheca, the basal structure of the stromatoporoid coenosteum, gives some under- 
standing of the nature of the early development of the stromatoporoid colony. However, the peri- 
theca has been illustrated and described only from external appearances and from vertical sections. 
Most stromatoporoids have a thin peritheca of irregular cyst plates, but Stromatoporella granulata 
has a more complex young stage. Stromatoporella granulata from the Middle Devonian Hungry Hol- 
low formation at Thedford, Ontario, has an unusually thick peritheca consisting of massive tissue 
with round or elliptical openings in vertical section but no structures organized into laminae, pillars, 
or ring pillars characteristic of the adult Stromatoporella coenosteum. 

Vertical and tangential sections were made through the perithecal zone of S. granulata. In a three- 
dimensional aspect the peritheca consists of massive tissue permeated by large radially arranged 
tubes transected in many places by curved cyst plates. The tubes appear to be related to astrorhizal 
canals in the overlying adult portion of the coenosteum. No section was obtained at the center of the 
radial tubes, and therefore understanding of the initial protocoenostial stage is incomplete. The 
vertical and tangential sections of the peritheca show an abrupt change to the typically fibrous 
laminae, pillars, and ring pillars of Stromatoporella. Perithecal structures suggest that stromatoporoid 
colonies developed cenogenetically, with a young perithecal stage different from the adult coen- 
osteum. 


PRELIMINARY REPORT ON THE SYSTEM FORSTERITE-DIOPSIDE-SILICA-ALBITE 


J. F. Schairer and Nobuo Morimoto 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C. 


The mutual melting relations between olivines, pyroxenes, and feldspars are of primary importance 
in unraveling the crystallization relations in many igneous rocks. Phase-equilibrium data are given 
for the system forsterite-diopside-albite and for the join forsterite-enstatite-albite. In the latter 
system two pyroxenes crystallize with olivine at appropriate temperatures. In the system forsterite- 
diopside-silica-albite the feldspar which crystallizes is not pure albite but a sodium-rich plagioclase. 


THERMODYNAMIC CALCULATIONS RELATING TO THE ORIGIN OF RED BEDS 


Robert F. Schmalz 
Department of Geology, Harvard University, Cambridge, Mass. 


A point on the hematite-goethite equilibrium curve has been located experimentally at 170°C. 
and 906 bars. Taken together with previous experimental work in the system Fe.O;-H.O, this point 
defines, approximately, the thermodynamic properties of goethite at 25°C. 1 atm., as follows: 


S° = 18.1 cal./mol degree 
AS; = —51.0 cal./mol degree 
AH; = —132.0 Kcal./mol 
AG; = —117.0 Kcal./mol. 


Using these values, it is possible to treat the stability relations of the reaction: hematite + water 
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= 2(goethite). In the presence of pure water, goethite is stable at all temperatures between 0° and 
100°C. At 25°C., hematite will form stably only at relative humidities less than 60 per cent. 

The presence of common mineral salts (sylvite, halite) in solution will not sufficiently reduce the 
activity of water to stabilize hematite relative to goethite below 70°C. At 25°C., hematite will be 
stable in the presence of only a few rare minerals in saturated solution (for example, bischofite, 
nitromagnesite, hydrophilite). Goethite remains stable in the presence of sea water at all tempera- 
tures. Pressure favors goethite. 

By restricting the conditions under which hematite may form stably, these calculations aid in the 
interpretation of red sediments. Except where present in the late members of an evaporite sequence, 
or where precipitated by organic agencies, hematite must be regarded as a detrital mineral formed 
by subaerial weathering. 


HEAT TREATMENT OF SPHALERITE-TYPE CRYSTALS 


Cecil J. Schneer 
Dept. of Geology and Geography, Univ. of New Hampshire, Durham, N. H. 


In the X-ray-diffraction powder patterns of heat-treated and quenched charges of ZnS, CuCl, and 
AglI, all of which crystallize normally with the sphalerite structure, faint but distinct superlattice 
lines appear which are tentatively ascribed to multilayer polymorphs (or polytypes). These are 
identified as ZnS 6H, 18H, and 24H; CuCl] 6H, 14H, and 21R; Agl 6H, 14H, and 18H. The lines 
appear after the specimens are annealed at temperatures below the temperature at which the wurtzite 
structure (2H) appears or, in the case of CuCl, below the melting point; this qualitatively confirms 
previous predictions that the transformation temperature of each polymorph is a function of the 
proportion of hexagonal to cubic layers. From the point of view of crystal dynamics the proportion 
ny:m- Should equal i/(exp. hi/kT — 1), where @ is the difference between the effective average fre- 
quencies of the hexagonal and cubic crystals at the temperature 7, & is Boltzmann’s constant, and / 
is Planck’s constant. 


EFFECT OF SEDIMENT TYPE ON THE SHAPE AND STRATIFICATION OF SOME 
MODERN FLUVIAL DEPOSITS* 


Stanley A. Schumm 
U.S. Geological Survey, Denver Federal Center, Denver, Colo. 


The shape of an ephemeral-stream channel may be determined largely by the character of channel 
and bank sediments. The percentage of silt and clay in samples of channel materials, collected at 
stable cross sections, bears an inverse relationship to the width-depth ratio of the channel. Observa- 
tions of active aggradation suggest that the stratification of channel fills will be: concave where 
lateral deposition of fine-grained cohesive sediments narrows the channel; horizontal where less 
cohesive sediments are deposited on the channel floor; and convex where low-water flows shift later- 
ally across the floor of a wide channel containing noncohesive sediment. 

The channel and flood-plain sedimentary complex in semiarid valleys may resemble a mushroom 
in cross section. The locus of points of maximum aggradation generally migrates upstream, and 
coarse sediments are successively overlain by finer ones, so that a crudely graded deposit may be the 
result. 


* Publication authorized by the Director, U. S. Geological Survey. 
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COLUMBIUM-RARE EARTH-TITANIUM MINERALIZATION AT ST. JOSEPH DU LAC, 
OKA AREA, TWO MOUNTAINS COUNTY, QUEBEC 


Charles B. Sclar and Mark G. Smerchanski 
Battelle Memorial Institute, Columbus, Ohio; Winnipeg, Manitoba, Canada 


Perovskite containing columbium and rare earth occurs in sharp-walled veins and in an irregularly 
shaped body enclosed in alnéite of probable Monteregian affiliation which has intruded Grenville (?) 
silicated calcite marble. The rare-earth elements in the perovskite are principally cerium and lan- 
thanum. 

The perovskite-bearing veins range in thickness from 1 mm to 25 cm. The vein material is a com- 
pact purplish-black fine-grained perovskite-rich rock with a subconchoidal fracture and a submetallic 
luster. It is composed dominantly of fine-grained granular and tiered dendritic aggregates of perov- 
skite and subordinately of variable amounts of magnetite, titaniferous spinel, calcite, biotite, olivine, 
and melilite. The irregular perovskite-rich mass is a combined stockwork and disseminated replace- 
ment deposit of perovskite, magnetite, and titaniferous spinel in the alnéite intrusive. 

The mineralization appears to be genetically related to the alnéite. The perovskite is probably of 
deuteric origin and was introduced principally by replacement and subordinately by fracture filling. 

Both the vein perovskite and the perovskite in the mineralized alnéite have been partially altered 
to leucoxene. Analytical data indicate that the leucoxene is enriched in columbium, cerium, and 
lanthanum and that there is a partition between cerium and lanthanum during leucoxenization. 

Associated with the alnéite intrusive is a relatively small mass of carbonatite which contains 
columbium and the cerium group of rare-earth elements. The carbonatite is composed dominantly of 
fine-grained ferruginous dolomite, and it contains minor amounts of perovskite and pyrochlore. 


ALVIS AND LEXINGTON COALS OF MISSOURI AND ASSOCIATED BEDS* 


Walter V. Searight and Norman W. Jeffries 
Missouri Geological Survey, Rolla, Mo.; Sheil Oil Company, Denver, Colo. 


Two coals, the Alvis and the Lexington, are present in the Labette formation in Missouri. The 
underclay of the Alvis coal bed is the basal unit of the Labette and is persistent across the State. The 
thin Alvis coal bed and the dark-gray fossiliferous marine shale which overlies it are widespread in 
western Missouri and extend northward at least as far as Lexington, Lafayette County. Three re- 
lated but distinct facies occur above the fossiliferous shale. In western Missouri, a relatively thick, 
complex sequence of sandstone, siltstone, shale, and bone coal which may be interpreted as deltaic 
deposits, thins and grades northeastward into dark shale containing a molluscan fauna. The dark 
shale, interpreted as a lagoon deposit, in turn thins northward and interfingers with the Lexington coal 
in northern Johnson County. At Lexington, the Labette is a thin succession which includes the under- 
clay of the Alvis coal, a coal smut representing the Alvis, fossiliferous calcareous shale, and the 
Lexington coal, which contains a persistent clay parting. North of Lexington the Labette includes 
the underclay of the Alvis coal and three coal benches or carbonaceous smuts, separated by two 
persistent clay partings. The lowest of the coal benches, called the Dutchman by miners in Putnam 
and Schuyler counties, is possibly the Alvis coal. 


SCAPOLITE GEOCHEMISTRY 


Denis M. Shaw 
McMaster University, Hamilton, Ontario, Canada 


The crystallography and geochemistry of the scapolite family have not received adequate study. 
In many parts of the Grenville province of Ontario, Quebec, and New York scapolite is an important 


* With permission of the State Geologist of Missouri. 
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rock-forming mineral, and the association scapolite-ferroaugite-sphene is an assemblage characteristic 
of the amphibolite facies in which volatile constituents were abundant. 

Quantitative spectrochemical analysis of minor elements in 49 scapolites gave the following aver- 
ages (ppm): B, 29; Be, 9; Ga, 20; Ti, 98; Cu, 3; Zr, 30; Mn, 51; Sr, 1900; Ba, 170. Cr, Ag, Mo, Ni, 
and La are occasionally present, but V, Co, Sc, and Y were not detected. Attempts to correlate minor 
elements with major elements, rock type, color, grain size, or geographic locality were unsuccessful, 

By comparison with crustal abundances scapolites are notably rich in CO:, Cl, SO;, B, Be, and Sr, 
and Ca and Na in some cases. B probably occurs as the anion BOs, Be replaces Si and Al in tetrahedral 
co-ordination, and Sr replaces Ca and Na. 

Progress has been achieved toward revising the present inadequate optical determinative charts 
with the aid of 6 new analyses, 49 spectrographic determinations of Ca and Na, and grain measure- 
ments of ny and ne. Pure chlor-marialite would be optically negative but probably does not exist. 


MULTIPLE ORIGIN OF DELTA-FRONT VALLEYS 


Francis P. Shepard 
Scripps Institution of Oceanography, La Jolla, Calif. 


Submarine and sublacustrine valleys are common in the fronts of deltas building out over slopes. 
Previously reported studies of the valleys off the Mississippi Delta have now been augmented by 
detailed sounding and sampling off the Fraser Delta and off the Rhone Delta in Lake Geneva. De- 
tailed soundings of the valleys which cross the shelf off the Ganges and Indus deltas have provided 
additional information. It now appears that there are at least three distinct types of delta valleys. 
One, represented by the Mississippi and Fraser, is found only on the upper slope and has no indica- 
tion of current action; it is apparently due to slumping. Another, represented by the Lake Geneva 
valley, continues to the bottom of the slope and has indication of current action. This type seems to 
be comparable to the valleys of the deep-sea fans. The third, represented by the Ganges and Indus, is 
trough-shaped, crosses the entire shelf, and extends down the slope to the end of soundings. The 
origin of this type is not clear but may be due to combined slumping and turbidity currents, starting 
perhaps like the Mississippi and Fraser type but maintained in the front of the growing delta during a 
long period of delta building and sinking. A similar valley is found off the Niger, and one has been 
partially filled off the western Mississippi Delta. 


ELEMENT VARIATIONS DURING WEATHERING OF FOUR RESIDUAL SOILS 


Nicholas M. Short 
Gulf Research & Development Co., P. O. Drawer 2038, Pittsburgh, Pa. 


The composition and redistribution of Si, Al, Fe+*, Mg, Ca, Na, K, and Ti (as oxides) and Ba, Co, 
Cr, Cu, Ga, Mn, Ni, Pb, Sc, Sr, V, Zn, and Zr were determined by the mutual-standard method of 
spectrochemical analysis on the total soil and parent-rock samples, separated sand, silt and clay 
fractions, and acetic-acid leachates of soils developed from granodiorite (Wyoming), basalt (Color- 
ado), granite (Missouri), and metamorphosed andesite (North Carolina). Intraplate precision is 
+7.5 per cent; interplate precision is +26 per cent. Particle-size distribution, the mineralogy of each 
size fraction and measurements of —H:O, pH, En, soluble salts, free iron oxide, organic matter, and 
exchange capacity are related to composition by graphical and statistical methods. These conclusions 
are presented for the four soils. 

(1) Enrichment or depletion of most trace elements is directly proportional to the amount of clay and 
silt produced by weathering. 

(2) The largest concentration changes occur between parent rock and soil interface. 

(3) Al-Ga, Fe-Co, Fe-Mn, Fe-Ti, Fe-V and Mg-Sc show similar behavior during weathering; less 
definite associations are noted for Fe-Cu, Fe-Cr, Mg-Cu, Ca-Sr, K-Ba, and K-Pb. 
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(4) The B horizon usually shows maximum enrichment in Co, Cr, Cu, Mn, Ni, Sc, Ti, and V and 
contains the largest leachable amounts of most elements. 

(5) Climate appears more important than parent-rock composition in affecting trace-element dis- 
tributions. 

(6) Concentration changes of some elements are related to survival or destruction of certain parent- 
rock minerais. 

(7) Only the Si, Fe, Cu, Sc, V, and Zr concentrations show distinct differences in the two salic and 
two femic parentage soils. 


EFFECT OF STRONTIUM ON THE ARAGONITE-CALCITE RATIOS OF 
PLEISTOCENE CORALS 


Frederic R. Siegel 
Department of Geology, University of Kansas, Lawrence, Kans. 


The Pleistocene coral reefs which form the upper Florida Keys are in a state of alteration from 
aragonite to calcite. A quantitative relationship between the strontium content of the corals and 
their aragonite-calcite ratios was found. Strontium and calcium determinations were made with a 
Zeiss flame photometer. Aragonite-calcite ratios were determined qualitatively with Meigen stains 
and quantitatively using X-ray techniques. Where the stains showed that aragonite was high relative 
to calcite, the strontium content was correspondingly high. Where the stains indicated that calcite 
was dominant, the strontium content was low. X-ray analyses confirmed these results. In several 
cases it was noted that within a single sample there were distinct areas that were aragonite and 
others that were calcite. These sections were separated and analyzed. In all such cases the aragonite 
portion of a sample contained about twice as much strontium as did the calcite portion of the same 
sample. It is suggested that strontium inhibits the alteration of aragonite to calcite under natural 
geologic conditions, and only when much of the strontium is removed may the alteration take place. 


AGE OF THE ORDOVICIAN COBOURG “FORMATION”* 


G. Winston Sinclair 
Geological Survey of Canada, Ottawa, Ontario, Canada 


Understanding of Middle-Upper Ordovician relatio:ships in eastern North America has been 
hampered by use of the unit Cobourg, without recognition that this “formation” is a composite. 
The “Lower Cobourg” (Hallowell of Kay) is, in central Ontario, a crystalline limestone, which carries 
a Trentonian fauna very poorly differentiated from the earlier Sherman Fall. 

The “Upper Cobourg” (Hillier of Kay), in contrast, is an argillaceous limestone with a strikingly 
different, Edenian, fauna. In the Hillier are found the brachiopods Oxoplecia, Bimuria, Eridorthis, 
Catazyga, Plectatrypa, Cyclospira, Sowerbyella aspera (James), and the “emacerata” group of Resserella. 
Abundant strongly ribbed asaphids, including Pseudogygites, are notable, as are the cephalopod 
Probillingsites and the strong development of Cheirocrinus. These beds seem to correlate with the 
Tetreauville-Terrebonne of Montreal and with the beds at Groos quarry in Michigan. 

The beds which on Lake Temiskaming (Liskeard formation) and in Michigan (on Escanaba River), 
carry the fauna with Maclurites and the “Arctic” cephalopods are older than Hillier but may be also 
younger than Hallowell. This fauna does not seem to have reached central Ontario. 


* Published with permission of the Director, Geological Survey of Canada. 
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OCCURRENCE OF FISH IN THE ORDOVICIAN OF CANADA* 


G. Winston Sinclair 
Geological Survey of Canada, Ottawa, Ontario, Canada 


Isolated plates have been found at two widely separated localities: (1) in basal Trenton beds near 
La Malbaie, on the north shore of the St. Lawrence River, 80 miles below Quebec City, and (2) in 
Middle Ordovician beds in the Dease River region of northern British Columbia (collected by H. 
Gabrielse). In each locality the beds carry an abundant normal marine fauna, and in each case a 
single fish plate was found. This suggests that the true habitat of the fish was elsewhere. Although 
neither plate is identical with any previously described, no new names will be proposed, since the 
material is so meager. They could represent undescribed skeletal elements of Astraspis and will be 
described as Astraspis sp. 


LEAD IN POTASSIUM FELDSPARS FROM BASIN AND RANGE QUARTZ MONZONITES 


William F. Slawson and Matthew P. Nackowski 
Department of Mining and Geological Engineering, University of Utah, Salt Lake City, Utah 


The lead content of potassium feldspars separated from several quartz monzonite intrusives of the 
Basin and Range Province has been determined spectrochemically. Samples were collected from the 
Tintic, West Mountain (Bingham), Park City-Little Cottonwood, and Iron Springs mining districts 
in Utah, and from the Robinson Mining district and the Whitehorse Pass district in Nevada. 

The potassium feldspars were analyzed spectrochemically with a 1.5-meter, 24,400-line-per-inch 
grating spectrograph. One per cent by weight of BixO; was added to each sample as an internal 
standard. The precision of the analytic procedure expressed as standard deviation was + Z ppm and 
as relative deviation 12 per cent. 

Several conclusions are presented. Some are based on statistical analysis of the spectrochemical 
data. 

Each mining district or area sampled belonged to a different lead-concentration population. The 
arithmetic means of these, in order of increasing lead concentrations, and their standard deviations 
are: 

(1) Robinson Mining District, 14 + 6 ppm lead 

(2) Iron Springs district, 15 + 3 ppm lead 

(3) Tintic district, 29 + 10 ppm lead 

(4) Whitehorse Pass area, 41 + 8 ppm lead 

(5) Park City—Little Cottonwood district, 47 + 20 ppm lead 

(6) West Mountain (Bingham) district, 61 + 30 ppm lead 

The potassium feldspars from lead-mining districts have higher trace-lead content than those from 
areas where there is no lead production, or where lead production is not significant. 

The potassium feldspars from hydrothermally altered intrusives contain less lead than spatially 
related unaltered intrusives. 


REVISION OF TURNER’S METHOD FOR THE DETERMINATION OF PLAGIOCLASE 
WITH A UNIVERSAL STAGE OF THREE OR MORE AXES 


David B. Slemmons 
Mackay School of Mines, University of Nevada, Reno, Nev. 


Recent work with high-temperature plagioclase feldspar has shown that the optical properties of 
high-temperature (volcanic and synthetic hydrothermal) plagioclase differs markedly from low- 


* Published with permission of the Director, Geological Survey of Canada. 
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temperature (plutonic igneous and metamorphic) plagioclase. At the suggestion of Dr. Francis J. 
Turner, the writer has substituted for Turner’s original curves, based on Nikitin’s data, new curves 
for both low-temperature and high-temperature plagioclase. In addition to revising the determina- 
tive curves, the procedure for determining the twin law was modified. 

The new low-temperature curves are based on optical data from more than 30 analyzed plagioclase 
specimens, including 15 new determinations by the writer on analyzed plagioclase specimens sup- 
plied by Dr. J. R. Smith. 

The high-temperature curves are based on 15 analyzed specimens, with 4 new determinations on 
material sent by Doctor Smith. 

The new curves have been tested by plotting more than 500 twin-axis measurements, most of 
which were made by Kano, Suwa, and Van der Kaaden. These tests indicate that the new curves 
should not only yield more nearly accurate values for composition but will usually indicate whether a 
given specimen has high-temperature, low-temperature, transitional, or combined optical properties. 


USE OF STYROFOAM BALLS WITH A PUNCHING GONIOMETER FOR MAKING 
CRYSTAL MODELS 


Dean K. Smith 
Portland Cement Association Fellowship, National Bureau of Standards, Washington, D. C. 


Crystal models of several minerals have been made using styrofoam balls, aluminum rods, and a 
new type of punching guide. The guide is based on a three-circle goniometer and is applicable both to 
regular and irregular co-ordination patterns. The model can be made directly from data on the bond 
angles and bond lengths about each nonequivalent atom, which are usually calculated, either by hand 
or computer, for other purposes. This method is considered superior to previous methods which re- 
quired the calculation of p and ¢ angles in some set of spherical co-ordinates. The hole-punching 
goniometer can be made easily from heavy cardboard. Punches, made from brass rods of any desired 
outside diameter, slide in close-fitting brass tubes mounted on the cardboard guide. The device is 
both inexpensive to build and easy to use, thus making it applicable to classroom work as well as for 
laboratory models. Bond angles can be punched with an accuracy of +2° or better. 

The finished models lack the strength of the wooden ones, but several glues have been tried, and 
three show promise of adding strength to the model. If all atoms are held by at least three bonds, the 
model will be strong enough to be handled with only moderate care. 


CRYSTAL STRUCTURE OF PROTOENSTATITE 


J. V. Smith 
Dept. of Mineralogy and Petrology, The Pennsylvania Stale University, University Park, Pa. 


The crystal structure of protoenstatite has been determined from X-ray powder data obtained 
from an MgSiO; specimen synthesized by Dr. F. R. Boyd. Protoenstatite is orthorhombic; a 9.25, 
b 8.74, c 5.32 A. All reflections but one (210) obey the rules for Pbcn. The atomic co-ordinates in this 
space group are: 


Mg Si O:1 O2 O: 
x .000 .000 .292 .118 .359 .348 
y .265 .087 .091 .097 .259 .000 
.250 .750 .07 .07 07 «ae 


The chain in protoenstatite, in contrast to the other pyroxene structures, is fully extended. The 
Mg: atom lies in a regular octahedron with Mg-O distances two each of 2.0, 2.1, 2.2 A. The Mg; atom 
lies in an irregular octahedron with Mg-O distances two each of 2.1, 2.1, 2.5 A. The instability of 
protoenstatite at low temperature is explained by the poor co-ordination of the Mg; atom (the two 
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2.5 A distances are adjacent in the polyhedron). At higher temperatures the Mg; atom should vibrate 
more and effectively fill the cavity and stabilize the structure. The inversion upon grinding at room 
temperature of protoenstatite into metastable clinoenstatite instead of the stable rhombic enstatite 
is explained by the nature of the shear movements relating the atomic co-ordinates. Atlas’ conclu- 
sions are generally confirmed. 


INTRUSIVE LAYERED LAVA PODS AND PILLOW LAVAS, UNALASKA ISLAND, 
ALEUTIAN ISLANDS 


George L. Snyder and George D. Fraser 
U. S. Geological Survey, Federal Center, Denver, Colo. 


Andestic and dacitic pillow lavas were intrusive into wet semiconsolidated muds during Miocene 
time in the eastern Aleutian Islands. Peperite, a mixed intrusive breccia of sedimentary and primary 
igneous debris, usually fills pillow interstices and in some cases forms complete sills. Pillows average 
5-10 feet in diameter and may grade into massive lava, breccia, or layered lava. The layered lava 
occurs in roughly equidimensional pods up to 600 feet thick and grades into tabular sills of great 
lateral extent. To the writers’ knowledge, layered lava pods of this size have not been reported before. 
Concentric layers in the lava pods are of generally equal thickness and usually weather differen- 
tially. Differences in composition in successive layers in one analyzed example may be due to dif- 
ferent amounts of included mud or postsolidification differential alteration. The layers probably orig- 
inated by periodic intrusive flow in lava tubes and tongues. Most of the rocks have been albitized, but 
same unaltered glasses occur. 

The writers conclude from a review of the post-1914 literature on pillows that the distinction 
previously made between pillow and pahoehoe structure is valid, and that a modified ‘‘emulsion” 
theory best explains the large tracts of pillow lava common throughout the world. Tough, elastic, 
chilled pillow skins maintain the droplike identity of magma in contact with water or mud and 
serve the same purpose as fluid surface tension in a normal emulsion. Thick layers of pillows contain- 
ing interstitial sediments in many places are intrusive rather than extrusive bodies. 


PALEOZOIC SPECIES OF BAIRDIA (OSTRACODA) 


I. G. Sohn 
U. S. Geological Survey, Washington, D. C. 


Bairdia McCoy, 1844, was the first valid Paleozoic ostracode genus to be described. The few 
Paleozoic species described before 1844 either were not recognized as ostracodes or were assigned to 
post-Paleozoic, mostly living, genera. 

Howe estimated in 1955 that at least 600 species, from Ordovician to Recent age, were assigned to 
this genus. More than 200 Paleozoic species, some having many references, were analyzed by the 
use of punched cards. The present study, which restricts the stratigraphic range of Bairdia to the 
Middle Devonian through Permian, recognizes 87 species in Bairdia s. s., two of which are new. The 
remaining Paleozoic species formerly in the genus are now assigned to 10 additional genera, 5 of 
which are new. 

It is suggested that the post-Paleozoic species assigned to Bairdia belong to several established 
genera and to many more genera that are yet to be described. The appendages as described for the 
living genus Nesidea Costa, 1849, considered by some a synonym of Bairdia, exclude it from Ostra- 
coda. 
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MANGANESE ORES OF THE NSUTA DEPOSIT, GHANA 


R. K. Sorem and E. N. Cameron 
Department of Geology, University of Wisconsin, Madison, Wis. 


Mineragraphic and X-ray investigations of manganese ore from the highly productive deposits of 
Nsuta, Ghana, indicate that the principal manganese oxide minerals are oxides of the gamma-MnO» 
type*, cryptomelane, pyrolusite, and lithiophorite. Goethite is closely associated with manganese 
oxides in some of the ore. Nonmetallic impurities identified are muscovite, quartz, garnet, zircon, and 
amphibole. 

Oxide-rich ore formed by three principal mechanisms: replacement, filling of fractures and other 
openings, and leaching of impurities from low-grade ore with or without addition of manganese oxides. 
Replacement ore formed at the expense of gondite, muscovite-gondite, muscovite-rich rock, and 
perhaps other rock types. Such ore consists predominantly of gamma-MnO; and cryptomelane, but 
pyrolusite and lithiophorite are present in some specimens. Fillings of fractures and other openings 
consist predominantly of gamma-MnO, and cryptomelane in various proportions. Pyrolusite is 
abundant in many specimens, and lithiophorite in some. Colloform textures are common. Ore formed 
by leaching of impurities consists mainly of gamma-MnO, and cryptomelane. Goethite is present 
locally in all three types of ores. 

In most specimens, gamma-MnO, and cryptomelane are early minerals, but there is no fixed 
paragenetic sequence of the oxide minerals. Two or more generations of various oxides are present 
in many specimens. 

Manganese oxides appear to be of secondary origin. Mineral relationships indicate that oxide 
formation involved repeated migration and precipitation of manganese from ground waters that 
intermittently varied in composition. Colloidal deposition appears to have played a prominent role 
in oxide formation. 


ORDOVICIAN CLIMATIC ZONES 


Nils Spjeldnaes 
Institutt for Geologi, Blindern, Oslo, Norway 


Some previous workers have doubted the presence of climatic zoning in the Ordovician, but a 
study of the distribution of the marine faunal provinces seems to indicate a definite zoning. The 
“American-Arctic” fauna corresponds to the equatorial zone. The Garden City-Girvan-Trondheim 
area faunas indicate warm water. The faunas in the Appalachian Mountains, Eire, Wales, England, 
and the Oslo region indicate somewhat colder water. In South Europe, North Africa, and Florida the 
faunas indicate cold water, probably nearly arctic conditions. This distribution of the climatic zones 
is supported by the few paleomagnetic data for the period, indicating that the magnetic south pole 
was at the present equator, just west of Africa. 

The exact correlation between the climatic zones is difficult because of the strikingly different 
faunas. It is suggested that the contemporaneous climatic changes observed might be used for corre- 
lations between the zones. 


ALTERATION IN PART OF THE UNITED STATES MINE, WEST MOUNTAIN 
(BINGHAM) DISTRICT, UTAH 


James D. Stephens and L. B. Sand 
Department of Mineralogy, University of Utah, Salt Lake City, Utah 


A study of the alteration in the United States Mine determined that sufficient correlation of alter- 
ation with proximity to ore could be detected and used as an additional guide to underground explora- 


A... ~ ~~ presentation of this paper, the provisional name Nsuta MnO: was proposed for the oxides here termed 
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tion. Samples were collected for 110 feet along a bedding-plane fault in the Highland Boy limestone 
member of the Oquirrh quartzite. Ore bodies are located on cross-cutting fissures at each end of this 
sampled interval. 

The lead-zinc ore was emplaced in limestone and partly into the quartzite footwall. Progressive 
color changes in the alteration along the fault range from a dark green in ore through light green and 
gray to almost white 40 feet from ore. 

Spectrographic and chemical analyses of the bulk samples showed that Fe’’, Fe’’’, Al,O;, K,0, 
and trace contents of Mo, Cu, and Ag increased toward ore; Na2O and the trace content of zirconium 
decreased toward ore; CaO and MgO were variable. 

X-ray-diffraction analysis revealed the following generalized sequence of clay alteration away from 
ore: 0-5 feet, ore with talc; 5-10 feet, talc and pyrite; 10-20 feet, phlogopite with some pyrite; 20-40 
feet, Fe-Al montmorillonite; 40-60 feet, Mg-Al montmorillonite; > 60 feet, Al-montmorillonite, 
Variations exist in the alteration from footwall to hanging wall across the fault but do not affect the 
general mineral trends. Micas, talc, and dolomite were more concentrated in the footwall, whereas 
montmorillonite was concentrated in the limestone hanging wall. 


SYSTEM 


D. B. Stewart 
U. S. Geological Survey, Washington, D. C. 


The saturated SiO2-H:O liquidus lies at 1130 + 5°C. at 2000 bars, 1065 + 5°C. at 5000 bars, and 
1040 + 5°C. at 10,000 bars. Two points on the saturated CaAl.Si,Os-H,0O liquidus first determined 
by Yoder were confirmed (1343 + 5°C. at 2000 bars and 1235 + 5°C. at 5000 bars); the liquidus at 
10,000 bars is 1110 + 10°C. The CaAl2SizOs-SiOz system (Schairer and Bowen, 1947) has a eutectic 
at SiO, 49.5 weight per cent; the ternary system projected from the H.O apex is also of eutectic 
type. Anorthite, quartz, liquid, and gas coexist at equilibrium under the following conditions: 


SiOz: CaAleSiz Ox 


PH20 = Protsi Temperature in liquid 20 in liquid 
(bars) . (weight per cent) (weight per cent) 
1000 1040 + 10 68:32 ~4 
2000 922+ 3 63:37 ~6 
5000 815 + 5 58:42 ~10 
10,000 757 + 7 52:48 ~12 


Increasing the temperature at constant pressure decreases the H,O content of a liquid of given 
SiO2: CaAl,Si.0s ratio. 

The shift of the eutectic toward SiO» at low H:O pressure results from the great lowering of the 
saturated liquidus of cristobalite and tridymite relative to that of anorthite. The shift reverses when 
quartz is stable at the liquidus. Inasmuch as the alkali feldspar-silica-water systems show similar 
relations, the ternary feldspar-silica-water system can be used as a geological barometer for H:0 
pressure. The ratio of the silica polymorph to feldspar, when they crystallize simultaneously, varies 
with the H,O pressure, increases with the H.O pressure to about 500 bars, and decreases with further 
increase of pressure. 


SILICA CONFIGURATION OF METADICKITE AND RELATED SILICA PHASES 


John W. Stuart and Wm. D. Johns 
Dept. of Geology and Geological Engineering, Washington University, St. Louis, Mo. 


An inherited structural relationship is suggested between the silica networks of dickite, metadickite, 
and their high-temperature phases following H,SO, treatment. 
Single-crystal transmission-type X-ray-diffraction techniques were used to study the metaphase 


and preferred orientation in the high-temperature phases. 
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X-ray photographs of metadickite show an inner and outer hexagonal array of maxima. The d 
spacings of these arrays correspond to similar values for dickite and measure the chain widths and 
their smallest repeat period in the silica layer. This suggests that the tetrahedral layer of dickite is 
simulated in metadickite. 

414A arcuate reflection was obtained along the original a axis of dickite. This reflection indicates 
some regularity normal to the metadickite (001) plane. The arcuate character indicates a deviation 
of metadickite platelets of about +17°. 

H.SO,-treated metadickite, fired to 1000°C., developed quartz showing preferred orientation. 
Another H,SO,-treated crystal developed tridymite, exhibiting an apparently single-crystal pattern, 
with the c axis of tridymite parallel to the original dickite orthohexagonal axis. 


CLAY MINERALOGY OF MISSISSIPPI RIVER DELTAIC SEDIMENTS 


M. S. Taggart, Jr., and A. D. Kaiser, Jr. 
Production Research Division, Humble Oil & Refining Co., P.O. Box 2180, Houston, Texas 


The clay mineralogy of Mississippi River deltaic sediments off the coast of Louisiana has been 
investigated by X-ray-diffraction techniques. Samples of undisturbed cores were obtained from four 
foundation test borings. The deltaic sediments, which are hundreds of feet thick, are of Late Quater- 
nary age and rest on a weathered Pleistocene surface. For comparative purposes, samples were ob- 
tained also of clay minerals carried by the Mississippi and Red rivers. 

The purpose of the work was to study the relative importance of factors which may influence the 
distribution of clay minerals in sedimentary rocks. Considerable speculation exists concerning the 
possible alteration of clay minerals in different environments. The geologic history of these deltaic 
deposits and their relation to the Mississippi and Red rivers have been carefully worked out. It was 
thus possible to study the character of the clay minerals in relation to river source, salinity of water 
of deposition, distance of transport, depth of burial, and other factors. 

A suite of minerals, consisting of montmorillonite, illite, and kaolinite, in some cases with a small 
but detectable quantity of chlorite, was found in all samples. The principal difference among samples 
was in the concentration of montmorillonite. This difference apparently resulted from variation in 
the relative contribution of clay from the two rivers. Other factors, such as environment of deposition, 
did not appear to be significant. : 


PALEOLIMNOLOGY. PART I: CONCHOSTRACAN-BEARING BEDS OF HARVEY AND 
SEDGWICK COUNTIES, KANSAS 


Paul Tasch 
University of Wichita, Dept. of Geology, Wichita, Kans. 


This is a progress report of a project (supported by NSF-G-4152) designed to trace the areal extent 
and faunal and sedimentary aspects of the Permian (Leonardian) conchostracar Uearing beds in 
Kansas and Oklahoma. 

Several discontinuous, narrow outcrop belts of conchostracan-bearing beds have been found 
and correlated in Harvey and Sedgwick counties. Two distinct horizons are recognized: a lower 
insect-conchostracan bed which can be traced throughout the area, and a higher bed bearing a 
conchostracan genus not previously known in America, Echinestheria. Detailed sections reveal in 
one locality a maximum length of 0.2 mile for one of the Leonardian fresh-water ponds. Outcrops 
north of Annelly have detailed similarities (carbonized wood, Echinestheria, Myalina) with equiva- 
lent beds in more northerly counties (Marion, Dickinson) in contrast to the outcrop belt to the 
southwest. That suggests a north-south trending coastal swamp area in the East. Floral and faunal 
associates of the conchostracans include: a molluscan fauna, a variety of arthropods including in- 
sects, and some charophytes and ostracods. 

Abundance of conchostracans is variable between outcrops. Time estimates range from season 
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(= one year) to 1004 years that a given pond was successively inhabited by Leonardian clam 
shrimps. 


ARGILLITES IN CONTACT AUREOLE OF BALD MOUNTAIN BATHOLITH, ELKHORN 
MOUNTAINS, NORTHEASTERN OREGON 


William H. Taubeneck 
Department of Geology, Oregon State College, Corvallis, Ore. 


Thin sections of 301 metamorphosed argillaceous rocks from an area of 80 square miles south of 
the Bald Mountain batholith show that a thermal aureole which includes pyroxene hornfels facies is 
superimposed on a regional greenschist facies metamorphism characterized by green biotite. 

The southern contact of the batholith is almost vertical as seen in canyons up to 3000 feet deep. 
Progressive metamorphism of argillites is shown by index minerals that can be used to define igo- 
grads: brown biotite, almandine, cordierite, amphiboles, and hypersthene. Other minerals include 
muscovite, andalusite, corundum, plagioclase, potassium feldspar, quartz, diopside, rutile, magnetite, 
graphite, tourmaline, apatite, and zircon. Brown biotite (8 = 1.607—1.655, 72 specimens) first appears 
7 miles from the batholith. Almandine (nm = 1.794-1.814, 12 specimens) is present within 8300 feet 
of the contact, whereas cordierite (a2 = 1.536-1.543; y = 1.545~1.553, 8 specimens) first appears 
3800 feet from the contact. Amphiboles (hornblende and/or cummingtonite) appear within 2200 
feet of the contact, and hypersthene (Of 4s-s0, 6 specimens) within 120 feet of the contact. 

In hornblende hornfels facies typical assemblages containing cummingtonite are: 

(1) cummingtonite-plagioclase-quartz 

(2) cummingtonite-plagioclase-biotite-quartz (almandine) 

(3) cummingtonite-plagioclase-hornblende-biotite-quartz 

In pyroxene hornfels facies typical assemblages containing hypersthene are: 

(1) hypersthene-plagioclase-quartz 

(2) hypersthene-plagioclase-biotite-quartz (cummingtonite) 


WALLOWA BATHOLITH, WALLOWA MOUNTAINS, NORTHEASTERN OREGON 


William H. Taubeneck 
Department of Geology, Oregon State College, Corvellis, Ore. 


The Wallowa batholith, located in a wilderness area of extreme relief, is admirably suited to struc- 
tural and petrological studies of granitic rocks. The batholith is a composite intrusive containing at 
least 12 units, emplaced in a mafic-to-felsic sequence that commenced with norites and terminated 
with leucocratic quartz monzonites. Mo.t abundant rock types are tonalite and granodiorite. 

Evidence for emplacement of magmas is conclusive and includes one criterion involving xenoliths 
which are brecciated fragments of a strikingly distinctive rock that is apparently unique to north- 
eastern Oregon. This rock is a banded pyroxene-plagioclase or hornblende-plagioclase rock with 
alternating bands of plagioclase and ferromagnesians in which the constituent minerals are charac- 
teristically elongated and arranged roughly perpendicular to the banding. Inclusions of this rock 
could have reached their present positions only through movement in magmas. 

Structural studies of country rocks and intrusive units reveal the sequential growth of the batho- 
lith. Each major intrusive unit has its own structural pattern. Emplacement of most of the intrusive 
rocks was by forceful injection. Field studies demonstrate that the room problem need not be an 
objection to the concept of magmatic emplacement for granitic masses of batholithic dimensions. 


QUARRY STRUCTURES IN THE “KALKBERG” BELT NEAR CATSKILL, NEW YORK 


Hall Taylor 
Dept. of Geology, Columbia University, New York, N. Y. 


Quarries excavated by cement companies in the narrow “Kalkberg”’ belt, which trends from about 
N. 10° E. to N. 30° E. and lies west of U. S. 9W southwest of Catskill, New York, expose many cross 
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sections in upper Silurian and lower Devonian strata. Near the eastern edge of this narrow strip, 
which in most places is less than 1 mile wide, the rocks are intensely folded and also cut by high- to 
very low-angle (even horizontal in places) reverse faults in which overlying blocks have moved 
toward the west. In the central and western portions, which include the “nested folds” described by 
Chadwick, folding is less intense, and there is comparatively little high-angle faulting, but at least 
five eastward-dipping low-angle reverse faults give the area an imbricate structure. 

This unusual concentration of folding and faulting in a narrow band a few miles east of the massive 
Catskill mountain front with its nearly horizontal strata may reflect in part the action of pressures 
horizontally directed toward the west and west-northwest, as conventionally conceived; but it may 
also have resulted in part through gravitational sliding from the east. 


PROPOSED SEQUENCE OF UPPER DEVONIAN OR MISSISSIPPIAN CONGLOMERATES 
IN SOUTHWESTERN NEW YORK AND NORTHWESTERN PENNSYLVANIA 


Irving H. Tesmer 
Science Department, State University of New York, College for Teachers, Buffalo, N. Y. 


A series of structure-contour maps drawn on the base of each of several successive conglomerates 
in southwestern New York and northwestern Pennsylvania suggests the following stratigraphic 
sequence: 
Oswayo formation 
Cattaraugus formation 
unnamed member (mostly shale and siltstone) 
Killbuck conglomerate member 
unnamed member (mostly shale and siltstone) 
Salamanca conglomerate member 
unnamed member (mostly shale and siltstone) 
Sharpsville sandstone member 
Orangeville shale member 
Corry-Pope Hollow conglomerate member 
Riceville shale member 
unnamed member (mostly shale and siltstone) 
Wrightsville-Wolf Creek conglomerate member 
unnamed member (mostly shale and siltstone) 
Panama conglomerate member 
unnamed member (mostly shale and siltstone) 
Woodcock-Bimber Run-Dutchmans conglomerate member 
unnamed member (mostly shale and siltstone) 
Le Boeuf conglomerate member 

Chadakoin formation 


COMPOSITION OF WATER AND PRECIPITATES IN THE CONFLUENCE OF DEER 
CREEK WITH SNAKE RIVER, SUMMIT COUNTY, COLORADO 


P. K. Theobald, D. B. Hawkins, and H. W. Lakin 
U. S. Geological Survey, Denver, Colo. 


Oxidation of disseminated pyrite in aluminous and relatively silicic schists and gneisses of the 
Snake River drainage basin provides abundant iron sulfate to ground and surface water. The acid 
water thus produced (pH near 3.5) dissolves large quantities of readily available elements, particu- 
larly aluminum, and surprisingly large quantities of elements that are not abundant in the drainage 
basin, such as magnesium and zinc. The adjoining drainage basin to the west, that of Deer Creek, 
is underlain by calcic and magnesian rocks, from which the water acquires a pH of near 8. Despite 
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base- and precious-metal veins in its drainage basin, Deer Creek carries less copper and zinc than 
Snake River. 

Chemical precipitates are abundant; the precipitate on the bed of Snake ‘River is hydrated iron 
oxide containing small quantities of the other metals; in Deer Creek the precipitate is a hydrated oxide 
of manganese and iron that contains large quantities of the other elements. At the junction of these 
streams the pH stabilizes toward 6.5. Iron and manganese are precipitated from Snake River water 
within a few feet of the confluence, but aluminum is precipitated for several miles downstream. The 
aluminum precipitate contains other metals in concentrations slightly less than does the precipitate 
in Deer Creek. 

If carried to a larger scale, the natural processes observed in this junction could provide the mecha- 
nism for chemical formation of bauxite. 

These environments illustrate extreme, potentially misleading complexities that may be encoun- 
tered when water or stream-sediment analyses are used for geochemical exploration. 


MODIFIED C.I.P.W. NORM CALCULATION AND ITS PROGRAMMING ON A DIGITAL 
COMPUTER 


Charles P. Thornton and Donald D. McIntyre 
Department of Mineralogy, The Pennsylvania Staie University, University Park, Pa. 


A revised C.I.P.W. norm calculation has been programmed for an IBM 650 digital computer. 
Norm calculations can be performed at the rate of about 30 per minute. 

Several minor changes have been made in the procedure for the calculation of the norm of an igne- 
ous rock. The first of these is the limitation of the components to be considered to the oxides Si0:, 
Al,0;, Fe2O3, FeO, MgO, CaO, Na2O, TiOz, and since these are the important ones in 
igneous minerals. The second change is the simultaneous recalculation of albite to albite plus nepheline 
and of hypersthene to hypersthene plus olivine in undersaturated rocks. The large number of rocks 
containing normative orthoclase and albite without either quartz or nepheline will thus be eliminated. 
The third change is the calculation of kaliophilite in the norm before calcium orthosilicate. 

Aside from the obvious advantage of time saved in calculating norms, the results are printed out 
in a form that can be published directly, thereby eliminating many of the errors introduced by copy- 
ing and typesetting. 

The 5000 analyses in Washington’s Tables will be recalculated into molecular norms in the near 
future, and calculations of norms will be made for all analyses published since 1914. 


RADIOCARBON STUDIES OF THE BAHAMA BANKS 


David Thurber, Edward Purdy, and Wallace Broecker 
Lamont Geological Observatory, Palisades, N. Y. 


Odlite occurring in 9 feet of water in the middle of the northwestern part of the Great Bahama 
Bank yielded a date of 1600 + 80 years. In contrast, odlite from the margin of the bank has been 
dated at 740 + 100 years. The cryptocrystalline aragonite nuclei of the latter type of odlite deposit 
average 2520 years, whereas the outermost aragonite laminations average 225 years. The dates sug- 
gest that the active zone of odlite formation is the margin of the bank. 

These and other radiocarbon analyses of Bahamian sediments revealed that Bahamian sediments 
range in age from 700 to 2600 years. An underlying peat deposit has been dated as 4370 + 100 years. 

Cay rock in the Bahamas typically consists of aragonite grains bound by calcite cement. The 
aragonite has been formed in the submarine environment, and the calcite cement is of subaerial 
origin. Thus the age of the cement should be an indication of the age of the rock. A method of sepa 
rating the calcite and aragonite fractions of cay-rock samples has been devised to distinguish between 
the age of the grains and the age of lithification. 
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EVIDENCES OF DISSECTED EROSION SURFACES IN THE DRIFTLESS AREA 


F. T. Thwaites 
41 N. Roby Road, Madison, Wis. 


Evidences of dissected erosion surfaces in the Driftless Area of the Upper Mississippi Valley have 
been discussed for many years without agreement. Bain thought that the upland surface extends 
unbroken across the region. Trowbridge postulated two peneplains, one on the crests of cuestas, the 
other in the vales. Martin saw only the effect of rock differences. Evidences included: the even sky- 
line; beveling of rock formations; a bridge connecting two cuestas; the level plain of central Wis- 
consin; level tops and terraces on quartzite; entrenched meanders; and upland gravels. The writer 
concludes that every one can be interpreted in another manner. The skyline is a will-o-the-wisp, 
always distant. Beveling of dolomite depends on length of time, since overlying formations were 
eroded. The “bridge” is where a weak formation is thin. Level places on folded quartzite were caused 
by marine erosion during Ordovician submergence. Although entrenched meanders may show uplift, 
they are inconclusive. The break in slope between uplands and valley sides is determined by re- 
sistant layers of bedrock. The inverted parabolic profile on dolomite agrees with Gilbert’s explanation 
of creep. No remnant of a pre-valley landscape can be proved. The plain of central Wisconsin is 
lacustrine. Topography on escarpments is youthful, and there is no proof of two levels on dip slopes. 
The hypothesis of pediplanation lacks evidence. The writer concludes that topography was con- 
trolled solely by differences of bedrock. 


MINERAL AGES FROM ROCKS OF THE APPALACHIAN OROGENIC ZONE 


G. R. Tilton, G. W. Wetherill, and G. L. Davis 
Geophysical Laboratory and Department of Terrestrial Magnetism, Carnegie Institution of 
Washington, Washington, D. C. 


This study deals primarily with rocks from the Precambrian basement complex. Two kinds of 
information have been sought, the age of the basement complex and the effect of the Paleozoic 
orogenies on mineral ages from the complex. Zircon gave nearly concordant uranium-lead ages of 
1100 m.y. at Bear Mountain, New York, Shenandoah National Park, Virginia, and in the Baltimore 
gneiss at Baltimore and Philadelphia. Biotite gave Rb-Sr ages of 900-1000 m.y. at the first two 
localities, while the K-A ages were somewhat lower. Biotite from the Baltimore gneiss at Baltimore 
probably dates a period of local metamorphism. These rocks apparently have an age of 1000-1100 
m.y., given by zircon, while the biotite ages have been affected variously by metamorphic events in 
Paleozoic times. 

Zircon from the Kensington gneiss at Washington, D. C., gave discordant U-Pb ages which are 
consistent with the hypothesis that an 1100-million-year old zircon lost 90 per cent of its lead 300 
million years ago. Another example of a Precambrian zircon which appears to have lost lead in the 
Paleozoic was found in a granite at Crossnore, North Carolina. 

Thus, rocks with ages of 1000-1100 m.y. have been found at several localities in the Appalachian 
orogenic belt. Mica in some cases measures a period of Paleozoic metamorphism. In two instances the 
U-Pb ratios of zircon would appear to have been affected by Paleozoic metamorphism. 


TRIASSIC FAUNAS FROM THE QUEEN ELIZABETH ISLANDS, ARCTIC CANADA* 


E. T. Tozer 
Geological Survey of Canada, Ottawa, Canada 


The Triassic section in the Queen Elizabeth Islands (mainly on Ellesmere and Axel Heiberg 
islands) records more or less continuous sedimentation throughout Triassic time. Scythian to Karnian 


* Published by permission of the Director, Geological Survey of Canada Dept. of Mines & Techni- 
cal Surveys, Ottawa, Canada. 
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marine near-shore deposits (mainly sandstone and calcareous siltstone) form a reversed “L” extending 
through central Ellesmere Island and then west to Table and Cameron islands. Contemporary off- 
shore deposits (mainly shale) characterize Western Ellesmere and Axel Heiberg islands. In late 
Karnian or Early Norian time sandstone deposition increased, and sedimentation throughout the 
area became increasingly nonmarine. Above Monotis ochotica and below marine Toarcian are non- 
marine beds with coal, possibly Rhaetian in age. 

About 15 distinct faunas are recognized; no single section contains all, so the sequence is partly 
hypothetical]. In ascending order faunas are as follows: (1) Otoceras boreale; (2) Ophiceras commune; 
(3) Proptychites; (4) Prionolobus; (5) Meekoceras, Arctoceras, Euflemingites, Pseudosageceras etc; 
(6) Wasatchites; (7) Olenikites; (8) Frechites, Ptychites; (9) Daonella frami, Longobardites; (10) Nath- 
orstites; (11) Sirenites cf. theresiae; (12) New trachyceratid; (13) Jovites; (14) Pseudomonotis cf. 
spilsbergensis, Oxytoma aff. mojsisovicsi; (15) Monotis ochotica. 

Faunas (1-7) are dated as Scythian; (8) Anisian; (9) Anisian or Ladinian; (16) Ladinian; (11-13) 
Karnian; (14) Karnian or Norian; (15) Norian. 

Fauna (5) suggests correlation between Arctoceras fauna (Spitzbergen) and Meekoceras fauna 
(Idaho), formerly considered of different ages. In several sections Nathorstites occurs below Halobia 
and Sirenites supporting Ladinian dating suggested by McLearn and Tuchkov rather than classical 
Karnian position. 


ORIGIN OF THE ORIJARVI GRANODIORITE, FINLAND, BY METAMORPHIC 
DIFFERENTIATION 


Heikki V. Tuominen 
Department of Geology, Lehigh University, Bethlehem, Pa. 


The Orijirvi granodiorite is situated in a metamorphic complex representing the amphibolite 
facies. It forms a phacolith-shaped core in an open asymmetric anticline. Zones of different magnetic 
intensity, which coincide with certain recognizable groups of strata of the surrounding rocks, con- 
tinue uninterrupted through the granodiorite. In the granodiorite they mark a relic bedding which 
indicates that the rock was formed by replacement. 

A study of modal analyses of 94 specimens, collected systematically from the gentler limb and 
the crest of the phacolith, and 8 collective chemical analyses of the same specimens indicates that 
toward the crest of the phacolith the rock gradually becomes more granitic. In this direction, the 
concentration of any cation in the sequence, K, (Na, Si), Al, (Ti, Ca, Fe), Mg, increases relative to 
the concentration of any cation later in the sequence. (No significant change is observed in the ratios 
Na:Si and Ti: Ca: Fe.) 

This phenomenon is interpreted as the result of a migration of elements from the limb toward the 
crest of the fold during the folding. The above sequence represents the order of decreasing mobility 
in this process. Mg shows the lowest and K the highest mobility. 

The migration has resulted in a chemical fractionation of the original complex. The fractionation 
has been extensive enough to produce both the granodiorite and its basic residuum. The latter con- 
sists of some ‘‘magnesia metasomatic’”’ rocks situated lower down the limb. 


DISTRIBUTION OF TRACE ELEMENTS DURING THE FRACTIONAL 
CRYSTALLIZATION OF THE STILLWATER COMPLEX, MONTANA 


Karl K. Turekian 
Department of Geology, Yale University, New Haven, Conn. 


The Stillwater Complex of Montana is a mafic body showing marked gravitational crystal frac- 
tionation. Chromite occurs at the base of the complex. The composition of the earliest formed plagio- 
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clase is Ans, and the uppermost exposed part of the complex, 12,000 feet above the base, has a 
plagioclase composition Ang. The concentrations of Cr, Sn, Cu, Ni, and Co in the various coexisting 
minerals at approximately 35 horizons in the complex have been determined by emission spectrog- 
raphy. The Cr concentration is about 1000 ppm in the pyroxenes at the base of the complex where 
chromite is present and abruptly increases to about 2000 ppm at 2000 feet above the base, where 
chromite is not abundant. Thereafter, there is a steady decline to about 100 ppm in the pyroxenes at 
the uppermost exposed part. The plagioclases have a value of around 18 ppm for most of the section 
with a marked three-fold increase between 2000 and 3000 feet above the base. Nickel and cobalt 
generally behave similarly to chromium. Tin behaves similarly to Cr in the orthopyroxenes but less so 
in the clinopyroxenes; it was not detected in the plagioclases. The Cu concentration is higher in the 
mafic minerals (70 ppm) than in the plagioclases (40 ppm), with no obvious pattern. 

It appears that the trace-element distribution pattern during fractional crystallization may be 
controlled, not only by the normal equilibrium distribution in coexisting minerals formed from a 
magma of changing composition, but by other factors as well. 


GEOCHEMISTRY OF THE FOX HILLS FORMATION, SOUTH DAKOTA 


Karl K. Turekian and Karl M. Waagé 
Department of Geology, Vale University, New Haven, Conn. 


The Fox Hills formation in South Dakota records a continuous change from marine to fresh-water 
environments accompanying the final retreat of the Late Cretaceous epeiric sea. Many molluscan 
shells, preserved in shaly or sandy CaCO; concretions, have retained their original shell structure. 

The strontium and barium concentrations of the shells were determined by emission spectrog- 
raphy. Ascending in the section zoned A, B, and C, the ammonites show variations in the strontium 
concentration which are interpreted as representing changes in salinity as the sea retreated: 


Zone Sr (ppm) Inferred salinity conditions 
Cc 1500 pseudo-normal saline: evaporation loss balanced by fresh-water addition 
from land 
B 1900 hypersaline: nearer land, evaporation exceeds mixing with either open- 
ocean or fresh waters ~ 
A 1400 normal salinity: farthest from land in contact with open ocean 


A nautiloid Eutrephoceras and a clam Péeria also analyzed do not show these variations, hence the 
salinity-controlled Sr uptake is inferred to be a specific effect. 

The barium concentrations of the entire Fox Hills fauna are 50 to 100 times greater than analogous 
Cretaceous Gulf Coast and recent forms. This is interpreted as indicating a depletion of the sulfate 
ion concentration in the water by reduction to sulfide. As the ammonites presumably lived in aerated 
water, a stratified water mass is required, with the surficial waters being well aerated and the bottom 
waters stagnant. The nature of the Fox Hills sediments indicates that a reducing environment was a 
prominent factor during accumulation and diagenesis. 


CALCITE-WATER JOIN IN THE SYSTEM CAO-CO.-H,0 


O. F. Tuttle and P. J. Wyllie 
Dept. of Geophysics & Geochemistry, College of Mineral Industries, The Pennsylvania State University, 
University Park, Pa. 


An isobaric equilibrium diagram has been determined at 1000 bars for the join calcite-water by 
sealing measured proportions of water and calcite (single cleavage rhombs) in small platinum tubes. 
Five fields are intersected by this join for compositions between 10 and 100 weight per cent of calcite 
at temperatures between 700°C. and 1200°C.: calcite + vapor, calcite + liquid + vapor, liquid + 
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vapor, liquid, and calcite + liquid. The fields involving liquid + vapor are ternary, and the fields 
without vapor lie within the vapor-deficient region of the ternary system (compositions with less 
than about 25 per cent water at temperatures about 980°C.). A trace of liquid is developed at 740°C,, 
and preliminary runs indicate little change in the temperature of beginning of melting for pressures 
from 500 to 3000 bars. The boundary between the fields of calcite + liquid and liquid extends from 
1340°C. for pure calcite, through 3.5 per cent water at 1200°C., to about 25 per cent water at 980°C. 
The development of liquid at moderate temperatures and pressures has important petrological impli- 
cations in regard to: (1) the emplacement of carbonatites, (2) the plastic behavior of limestone when 
subjected to deep-seated deformation, and (3) contact metamorphism of carbonate rocks. 


TIME RELATIONS OF INTRUSION, FAULTING, AND MINERALIZATION AT 
LEADVILLE, COLORADO 


Odgen Tweto 
U. S. Geclogical Survey, Denver Federal Center, Denver, Colo. 


Although the pre-ore age of some faults at Leadville has been recognized previously, many promi- 
nent north-trending faults have been classed as post-ore, as have lesser faults of other trends. Re- 
cent work indicates that almost all faults were in existence at the ore stage, although many underwent 
renewed movement later. 

Most faults of Leadville and the neighboring area to the north formed in Laramide time, during 
the period of porphyry emplacement. Of the numerous porphyries recognized, about 15 can be fitted 
into an intrusive sequence. Using this sequence as a time scale, formation of successive fault systems 
and development of the present fault pattern can be traced. Some faults of northerly and easterly 
trends had developed when the earliest porphyry, the Pando (“White” porphyry), was emplaced. 
Many more faults, including elements of an important northeast-trending system, existed when the 
succeeding Elk Mountain and Sacramento porphyries, the earliest members of the Gray porphyry 
group, were introduced. The present fault pattern was almost complete by the time emplacement of 
later Gray porphyries such as the Johnson Gulch and Lincoln was completed. The latest porphyry of 
the Gray porphyry group obliterated faults, including a segment of the major Weston fault. 

All these porphyries are of pre-ore age as they are hydrothermally altered and locally mineralized. 
It follows that most of the faults existed at the time ore was deposited. Thus they could, and evi- 
dently did, influence the distribution of ore. This relation calls for a new approach to exploration and 
adds new possibilities for discovery of ore. 


ATTACHMENT LOOPS ON INFANT BRACHIOPODS FROM THE LOUISIANA 
LIMESTONE IN MISSOURI 


A. G. Unklesbay 
210 Swallow Hall, Columbia, Mo. 


Shaly partings in the Louisiana limestone near Clarksville, Missouri, contain many very small 
brachiopods. Some of these have been described as Strophalosia and Leptalosia. Recently discovered 
ones, however, appear to belong to neither of these genera but are infantile representatives of the 
genus Productella. The pedicle valve of these minute forms bears a loop formed by the upward curving 
growth of a pair of spines on opposite sides of a shallow median groove. This loop was apparently 
used in infant stages as a means of attachment to the spines of adults or to the spines and stems of 
crinoids. Although larger specimens of Productella are spinose, the attachment loops are not present 
on those larger than 10 mm in width. 
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TERRAIN ANALOG DEVELOPMENT IN DESERT REGIONS 


Jack R. Van Lopik and Charles R. Kolb 
U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss. 


Desert areas selected for terrain comparison are mapped in terms of general terrain factors, geom- 
etry factors, ground factors, and vegetation. General terrain factors include physiography, hyp- 
sometry, and landforms. Geometry and ground factors considered are characteristic slope, 
characteristic relief, occurrence of slopes greater than 50 per cent, generalized plan profile, soil type, 
soil consistency, and surface rock. Terrain-factor data are synthesized to establish varying degrees of 
analogy of particular desert areas with portions of a selected base area. This synthesis includes the 
compilation of geometry, ground, and vegetation analog maps—through combination of their com- 
ponent terrain factor maps. If a geometry type (designated by four numbers—each representing a 
particular range of values of the component terrain factors) found within the base area also occurs in 
another desert area, the tracts are considered highly analogous. A tract exhibiting three numbers out 
of four that occur in combination within the base area is considered to be moderately analogous, and 
so on. Ground and vegetation analog maps are prepared in a similar fashion through utilization of 
their respective terrain-factor maps. 

A composite analog map is prepared by superimposing geometry, ground, and vegetation analog 
maps and stratifying the resulting combinations. Highly analogous desert tracts exhibit, or closely 
approximate, combinations of terrain-factor mapping units found in the base area, and the degree of 
analogy decreases directly as the similarity to such combinations decreases. 

Small areas mapped at large scales can be compared with areally similar tracts or with larger 
regions mapped at smaller scales. 


SIMPLIFIED ANALYSIS OF URANYL AND OTHER PHOSPHATES 


A. Volborth 
Nevada Mining Analytical Laboratory, University of Nevada, Reno, Nev. 


A procedure has been developed that makes a rapid quantitative analysis of uranyl phosphates and 
other phosphate minerals possible. The method consists of precipitation in nitric acid solution of the 
bulk of the molybdic acid that is introduced during the ammonium phosphomolybdate precipitation. 
The nitric-acid solution is evaporated almost to dryness, and the precipitate discarded after decanta- 
tion and washing. Traces of molybdenum remaining in the filtrate are removed by H,S precipitation. 
The filtrate contains all cations present in the analyzed mineral. This method eliminates any bulky 
cation absorbing precipitates which are unavoidable when using the classical methods of complete 
phosphate analysis. It also avoids addition of Fe, Sn, or Th to the analysis and makes a complete 
successive determination of the constituents of the mineral possible. 

Average deviation from the known value in three samples containing 99.96 mg U;Os and 75.92 mg 
P,0; was 0.82 per cent for U;Os and 0.96 per cent for P2O;. In one sample containing 299.88 mg 
U;0s, the deviation was 0.04 per cent. 

A new meta-autunite analysis (Mt. Spokane, Wash.) with d-spacing and optical data is included. 


SLUSHFLOWS 


A. L. Washburn and R. P. Goldthwait 
Dartmouth College, Hanover, N. H., The Ohio State University, Columbus, Ohio 


Slushflow is a little-known geologic process consisting of mudflowlike flowage of water-saturated 
snow along stream courses. It occurs in spring, in places annually, in a single outburst following in- 
tense thawing producing more meltwater than can drain through the snow. It is common locally in 
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the Arctic but is not confined to it. Near Mesters Vig, Northeast Greenland, slushflow is an 
important process of erosion and deposition and the characteristic method of stream break-up. It is 
also known from the thaw zone of some glaciers such as the Barnes Ice Cap of Baffin Island. 

Slushflows, sometimes called “slushers”, start suddenly and run their course in seconds to hours, 
leaving natural levees of compacted snow 14-2 m high, and a free-flowing stream in their wake. Their 
width is generally several to many times greater than that of the stream channel. Some merely ream 
out snow from sections of stream courses without transporting appreciable load. Others carry many 
tons of rock debris from valleys and contribute to, and may be largely responsible for, extensive 
boulder-strewn fans, as illustrated by the Lejrelv slushflow near Mesters Vig in 1958. This slushflow 
scattered stones up valley slopes 20 m above the bed of the stream and deposited bouldery debris 
and fragmented tundra vegetation over one third of the Lejrelv fan, which is 34 km wide at the toe; 
yet the stream could be stepped across in the summer. 


GEOLOGICAL SIGNIFICANCE OF “K FIXATION” 


Charles E. Weaver 
Shell Oil Company, Technical Serrices Division, 3737 Bellaire Blvd., Houston 25, Texas 


When muscovite — vermiculite and muscovite — montmorillonite are subject to mild treatment 
with KOH they will contract to 10 A, indicating that they have inherited much of the high interlayer 
charge of the muscovite. Potassium treatments indicate that there are highly charged biotite and 
muscovite — vermiculites which readily contract to 10.0-10.2 A and low-charged nonmica — vermicu- 
lites which resist contraction. An attempt is made to organize the easily measured parameters of 
expanded 2:1 clays and to show how these parameters relate one to the other and ultimately to the 
source material. 

A sample of muscovite — montmorillonite exposed to sea water readily contracted to 10 A, indi- 
cating the unstable character of such montmorillonites. 

An examination of clays from marine sediments indicates that muscovite and biotite — vermiculite 
and montmorillonite are relatively rare and that most of the expanded clays are probably derived 
from low-charged nonmicaceous minerals such as volcanic material, chlorite, and hornblende. It is 
believed that mixed-layer illite-montmorillonites have an ultimate equilibrium ratio which is pre- 
determined by the interlayer charge. Lithium chloride treatment of expanded clays from shales 
indicates that many of them are beidellitic in composition and exist in unstable equilibrium (all 
potentially contractable layers are not contracted). Equilibrium appears to be reached after deep 
burial. 

A limited study of Recent sediments indicates that most of the expanded clays in the Gulf of 
Mexico are volcanic — montmorillonites and that those from the Atlantic Coast may be muscovite — 
montmorillonites. 


MINERALOGY AND GEOCHEMISTRY OF THE URANIUM DEPOSITS OF THE 
GRANTS DISTRICT, NEW MEXICO 


Alice D. Weeks and Alfred H. Truesdell 
U. S. Geological Survey, Washington, D. C. 


In the Grants district of New Mexico uranium deposits occur in both limestones and sandstones. 
The deposits in sandstone of the Morrison formation here are characterized by lower vanadium and 
higher molybdenum content than in Uravan, Colo. Some deposits contain fewer coalified logs or 
megascopic fragments of wood. The host rocks are highly feldspathic sandstones with conspicuous 
kaolinite alteration. The uranium occurs chiefly in black organic coatings on the sand grains and is 
mainly U*® except locally where coffinite and uraninite form high-grade ore. Haggite was found in one 
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mine. Much ore is deficient in vanadium to complex the uranium, and the common uranyl] minerals 
are uranophane, hydrous oxides, and phosphates. The principal ore mineral in a Dakota sandstone 
deposit is carnotite. 

The primary ore minerals in the Todilto limestone are uraninite and haggite, with a little coffinite 
and paramontroseite accompanied by barite, pyrite, galena, and, locally, fluorite. Variations in V:U 
ratio are reflected by the relative abundance of tyuyamunite compared to uranophane and urany! 
phosphates, sulfates, and carbonates. The lower part of the Todilto contains ostracodes which prob- 
ably with other organic remains provided the reducing environment favorable for precipitation of 
uranium and vanadium. The acid-insoluble fraction of the limestone ranges from 8 per cent near the 
base to as much as 75 per cent in the upper part. It consists of quartz, feldspar, montmorillonite, 
euhedral zircon, and “‘books” of biotite and represents, at least in part, volcanic ash. Leaching of the 
volcanic ash is a possible source of the uranium. 


ZEOLITIC ALTERATION OF TUFFACEOUS SEDIMENTS AND ITS RELATION TO 
URANIUM DEPOSITS IN THE KARNES COUNTY AREA, TEXAS 


Alice D. Weeks, Betsy Levin and Robert J. Bowen 
U.S. Geological Survey, Washington, D.C. 


Mineralogic and chemical studies of the uranium deposits in the Karnes County area of the Texas 
Coastal Plain show that the tuffaceous sediments of the Jackson formation (late Eocene) have been 
altered zeolitically. Uranium deposits are chiefly in the upper part of the formation. No zeolite was 
found in the Claiborne group below the Jackson or in the Catahoula tuff above it in the Karnes area. 
The Claiborne and basal part of the Jackson are glauconitic, whereas the upper part of the Jackson is 
nonglauconitic. The zeolite is heulandite, identified by X-ray diffraction study of the clay-size fraction 
of the rock. Thin sections show low birefringence and fine-grained interstitial heulandite. It probably 
developed from alteration of glass shards, volcanic-rock fragments, and feldspar grains. 

The elongate area of zeolitically altered Jackson formation encloses the principal uranium de- 
posits of western Karnes and eastern Atascosa counties. Here the Falls City and Fashing faults of 
the Mexia fault zone form a warped block. A working hypothesis for the origin of the uranium 
deposits is that tuffaceous sediments of the Jackson formation were altered by alkaline ground water. 
This produced the heulandite and released silica and trace elements from the tuff. The trace elements 
were redistributed and concentrated locally in reducing environments caused by plant fragments, 
petroleum, or by H»S-bearing solutions that came from the Edwards limestone along faults. 

Farther south the Catahoula tuff is altered zeolitically and contains some uranium minerals. 
“Tridymite” reported in the Catahoula may be heulandite. 


SYNTHESIS OF BeO-R,0; COMPOUNDS 


C. E. Weir and A. Van Valkenburg 
National Bureau of Standards, Washington, D. C. 


In the system BeO + SiO, + AlxO; + Cr2O3, the compound BeO-Cr.0; was obtained hydro- 
thermally. Although this compound had been previously detected by others in sintered materials 
using powder X-ray techniques no further data were reported. 

The compound may be prepared readily by fusion of the oxides in an oxy-acetylene flame or the 
electric arc. It is isomorphous with chrysoberyl, is orthorhombic, and has unit-cell dimensions a = 
9.82 A, b = 5.65 A, c = 4.55 A. Crystals are deep green with two indices being approximately 2.14 
and 2.20. They have a hardness of approximately 9 and a measured density of about 4.2. At elevated 
temperatures BeO-Cr.O; is an electrical conductor. Compounds of BeO with B,O;, GazO;, Y2Os, 
and La,O; have also been prepared. They are not isostructural with chrysoberyl. 
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OUR EXPANDING GEOLOGICAL VOCABULARY 


J. Marvin Weller 
University of Chicago, Chicago, Ill. 


Living languages and advancing sciences find existing vocabularies inadequate to express new ideas, 
and new words and expressions are required to meet their needs. Geology is no exception. A review of 
recent additions to geological vocabulary indicates, however, that many additions are neither neces- 
sary nor useful, and some of them promote confusion more than understanding. This is of particular 
concern to teachers who try to acquaint their students with new concepts. 

In the long run, most vocabulary additions win acceptance on their merits or are ignored. Stabiliza- 
tion, however, may be slow, and in some instances novelty or fashion are very influential for a time. 
Two matters deserve special comment: (1) Many new words and expressions are not clearly and 
briefly defined, and they are likely to be used by different persons with different meanings; also 
there are those who purposely redefine and alter the meanings of older terms, which may be desirable 
in some cases, but the results are not always beneficial. (2) Synonymous words or expressions are 
introduced; some are improvements, but this is not always true; neoclassical words are coined for 
concepts that have been or might be expressed in English; this may obviate the use of phrases, but 
ready understanding and clarity of meaning may be sacrificed. 

Homonyms and synonyms in technical] language are undesirable. Better understanding in geology 
would result if authors were more thoughtful and restrained in their writing and if editors were more 
critical of technical-language details. 


MECHANISM OF STYLOLITE FORMATION 


Peter K. Weyl 
Shell Development Company, 3737 Bellaire Blod., Houston, Texas 


It is suggested that the formation of stylolites is due to pressure solution along pre-existing thin 
clay layers. Pressure solution along the clay parting is considerably more rapid than at clean mineral- 
to-mineral contacts, because of the more rapid diffusion of the pressure-dissolved mineral matter out 
of the contact zone. Once the dissolved matter has diffused out of the area of contact it may precipi- 
tate on relatively unstressed faces of the grains or it may be removed, either partially or completely, 
by fluids flowing in the compacting rock. These fluids will not flow along the stylolitic seam but 
rather, because of the relatively low permeability of the clay parting, they will tend to flow parallel 
to and between the stylolites. 


LIQUID OF INCLUSIONS IN SULFIDES FROM TRI-STATE (MISSOURI-KANSAS- 
OKLAHOMA) IS PROBABLY CONNATE IN ORIGIN 


Donald E. White 
222 Blackburn Avenue, Menlo Park, Calif. 


Newhouse and others have shown that liquid of inclusions in sphalerite and galena of the Tri-State 
district (Missouri-Kansas-Oklahoma) and some other base-metal localities consists of saturated or 
nearly saturated chloride brines. Qualitative analyses have shown dominance of Na, Ca, and C! 
ions; K, Mg, and various forms of S and combined CO: are minor or nearly absent. Similarities 
between these solutions and oil-field brines of the Na-Ca-Cl type have been recognized. 

Analyses of most recognized types of highly mineralized waters or waters that may have come from 
great depth in the earth’s crust have been reviewed as a part of the revision of Clarke’s Data of Geo- 
chemistry. The qualitative similarity between the compositions of these liquid inclusions and the 
Na-Ca-Cl type of oil-field brine is indeed striking. It is also significant that no evidence has been found 
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for a volcanic or magmatic type of water of similar composition. Present evidence suggests strongly 
that the liquid inclusions and presumably, therefore, the mineralizing solutions are connate. 

Oil-field brines of the Na-Ca-Cl type seem to have relatively low K/Na, Li/Na, and F/CI ratios; 
intermediate Mg/Ca, I/Cl, and B/Cl; moderately high Br/Cl and total combined nitrogen; and 
nearly the lowest SiOz content of all natural waters. Quantitative determinations of minor compo- 
nents, and isotopic analyses of D and O' of liquid inclusions should be made to support or refute a 
connate origin for the water. 


THORIUM AND URANIUM CONTENTS OF SELECTED GRANITIC ROCKS 


John M. Whitfield, John J. W. Rogers, and John A. S. Adams 
Department of Geology, The Rice Institute, Houston, Texas 


The thorium, uranium, and potassium contents of 49 samples from 38 representative bodies of 
granitic rocks have been determined by gamma-ray scintillation spectrometry and systematically 
checked by wet chemical methods; modal compositions have been determined by point counting. The 
average thorium content of these rocks is 11.4 ppm, the average uranium content is 3.0 ppm, and the 
Th/U ratios range from 0.2 to 25 and average 4.4. The samples range in composition from quartz 
diorite (and a few gabbros) to granite and average calcic quartz monzonite. 

Both uranium and thorium contents are generally higher in more acidic and alkalic (more dif- 
ferentiated) rocks and are closely related to bulk mineralogical composition; however, the increase in 
thorium is generally greater and more regular than the increase in uranium. The higher Th/U ratios 
in the more differentiated rocks may be caused by oxidation and partial removal of uranium during 
the later stages of magmatic activity or possibly by a fractionation of uranium and thorium con- 
trolled by their relative mobilities during palingenesis. 

The 22 Precambrian rocks studied have a high average Th/U ratio (5.2); this value, however, is 
lower than might be expected from their alkalic bulk composition. Similarly, 9 metamorphic and 
metasomatic granitic rocks have an average Th/U ratio lower than might be expected from their 
average composition. Other differences in thorium and uranium contents between various rock 
groups are difficult to detect owing to bulk compositional variation. 


STRUCTURAL BELTS AND MINERAL DEPOSITS OF NORTHWESTERN ARGENTINA 


F. B. Whiting 
Cia. Minera Aguilar, S.A., Tres Cruces, Jujuy, Reptblica Argentina 


In northwestern Argentina three belts which differ in topography differ also in structure, in type 
of igneous activity, and in their selection of mineral deposits. The belts trend north-northeast parallel 
to the main line of the Andes Mountains. 

The easternmost belt is a low-lying area of gentle folds, with a fairly complete stratigraphic sec- 
tion, no acidic intrusives, very little basic intrusive rock, no volcanic activity, and few metal deposits. 

The central belt is a zone of strong regional thrust faulting and uplift and is the main zone of 
movement between the lowlands to the east and the high Andean plateau to the west. The sedi- 
mentary column is less complete, as the area was uplifted during much of geologic time. Granitic 
intrusions are spread throughout the belt. Volcanic activity is lacking. Mineral deposits consist of 
numerous veins with lead, zinc, silver, copper, barite, and other metals. The Aguilar mine, largest in 
Argentina, is situated within this belt. 

The westernmost belt is a high plateau with many Precambrian areas, a scanty Paleozoic and 
Mesozoic section, and very abundant volcanoes. Late granites are absent. Mineral deposits are 
copper and iron, associated with Precambrian granodiorites, and silver, tin, gold, antimony, borax, 
sulphur, etc., associated with the young volcanic rocks. 
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GEOLOGIC WRITING FOR THE NONGEOLOGIST 


Frank C. Whitmore, Jr. 
U. S. Geological Survey, Washington, D. C. 


One of the problems of communication in geology is that of gauging the capacity of the reader, 
This is difficult enough when we write for other geologists; it is more difficult when we write for the 
layman or the specialist in another field such as engineering. Audience capacity, plus the use for 
which the report is intended, will determine the format and terminology to be employed. An engineer- 
ing-geology report, for instance, may be designed to be read in its entirety or to be used for reference. 
In the latter case, tabular presentation is preferable to a running text. As to terminology, a fairly 
high technical level is sometimes necessary in writing for nongeologists, as in the description of 
minerals detrimental in concrete aggregate. For other purposes, such as discussion of the suitability 
of rock for excavation, a simplified description with little or no petrographic terminology will suffice. 

In geologic reports, the map is as important as the text. In a report for nongeologists, modification 
is often restricted to the text, leaving the map in the standard geologic format. Design of reports for 
special purposes need not stop here. In studies for military engineers it has proved feasible to prepare 
special-purpose maps showing such things as the suitability of soi] and rock for foundations. 

Much of the analysis involved in preparation of such reports is not presented to the reader because 
he is not qualified to evaluate it. Writing of this sort requires restraint as well as clarity. 


GROWTH OF THE CEPHALON OF CRYPTOLITHUS (TRILOBITA) 


H. B. Whittington and Allen S. Hunt 
Museum of Comparative Zoology, Harvard University, Cambridge, Mass. 


Two hundred silicified specimens from the lower Martinsburg shale of Virginia have been measured, 
and pits in the fringe counted. Glabellar length ranges from 0.4 to 7 mm. The first four instars can 
be recognized morphologically, the fringe having respectively none, one, two, and three complete 
rows of pits. Each instar shows a limited size range, with no overlap between successive instars. Larger 
cephala cannot be separated into instars on morphological grounds. 

The fourth instar has a glabellar length about 1 mm, the girder is present, one row of pits external, 
two interna]. The number of pits in these three complete rows is the same as in the largest cephala; 
thus growth of the fringe is accompanied by increase in diameter of these pits and not by addition to 
their number. From the third instar onward new pits are added only at the lateral and postero-lateral 
margin of the fringe inside the complete rows. These pits are added in at least three irregular rows. 
The outermost of these rows is little more than half complete, and succeeding inner rows are shorter. 
These additional pits also increase in diameter as the cephalon increases in size, and the postero- 
lateral arrangement becomes quincuncial so that rows are difficult to trace. From the fourth instar 
onward the number of pits in the three complete rows varies within a narrow range and is char- 
acteristic of the species. 


FOSSIL ZONES IN THE POTTSVILLE AND ALLEGHENY ROCKS OF WESTERN 
PENNSYLVANIA 


E. G. Williams 
The Pennsylvania State University, University Park, Pa. 


Stratigraphic study of the Pottsville and Allegheny groups in Clearfield, Centre, and Cambria 
counties and parts of Jefferson and Clarion counties has led to the establishment of nine faunal zones 
which have proved useful in correlation and paleogeographic interpretations. 

Marine and brackish-water fossils, mainly Chonetes, Marginifera, Derbya, Dunbarel!a, Anthra- 
comya, Lingula and Orbiculoidea, occur in dark-gray shales and in siderite concretions above the 
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Lower Mercer, Lower Clarion, Upper Clarion, Lower Kittanning, and Middle Kittanning coals. 
These marine zones are believed to correlate with marine limestones in western Pennsylvania and 
eastern Ohio. Fresh-water fossils, mainly Estheria and Carbonicula, are found in shales above the 
Upper Kittanning and Lower and Upper Freeport coals. 

Although, with a few exceptions, the nine zones are environmental zones, the faunal assemblages 
are sufficiently different to make them the most useful single criterion in the identification of re- 
spective coal seams. The marine faunal zones are more persistent than the fresh-water zones and are 
therefore more useful in correlation. The most rapid variation in the faunal assemblages of all marine 
zones takes place in a north-south direction; the marine fossils disappear toward the south. 

Biofacies mapping of the nine faunal zones indicates an east-west trending shore line which pro- 
gressively migrated northward during the deposition of the Upper Pottsville and Allegheny sedi- 
ments. The source of these rocks was to the south-southeast. 


CONTROL BY THE CINCINNATI ARCH OF DEPOSITION OF THE ORDOVICIAN 
HERMITAGE AND BIGBY-CANNON FORMATIONS 


Charles W. Wilson, Jr. 
Vanderbilt University and Tennessee Division of Geology, Nashville, Tenn. 


Sedimentation of the Hermitage and Bigby-Cannon formations of the Nashville group (Ordovician) 
was controlled by activity of the Cincinnati arch which crosses Central Tennessee in a north-south 
direction. 

Near the close of deposition of the Hermitage formation the arch was active, raising a narrow 
north-south belt of the floor of the Hermitage sea close to sea level. On this shoal strip the hard parts 
of animals were ground into sand by the waves. Pellets of the sand were replaced by phosphate, 
resulting in a north-south lens of granular phosphatic limestone within the Hermitage formation, 
coinciding with the arch. 

After deposition of the Hermitage the arch was again active, raising what had previously been the 
muddy-sandy floor of the Hermitage sea above sea level, forming a narrow north-south strip of land. 
During the deposition of the lower part of the Bigby-Cannon formation animals grew in great pro- 
fusion, and on the west slope of the barrier waves ground their bodies into rounded pellets. These 
fragments were replaced by phosphate. 

During the deposition of the upper part of the Bigby-Cannon formation the sandy island was 
inundated until its crest was near sea level. It was densely populated by bryozoans, calcareous algae, 
corals, stromatoporoids, etc., in reef concentration. Wave action along the western edge of the reef 
produced a north-south belt of reef detrital sand, again partially replaced by phosphate. East of the 
reef was a shallow-water area in which very fine-grained ooze accumulated. 


MICROFOSSIL FAUNULE FROM THE SYLVAN SHALE OF OKLAHOMA 


L. R. Wilson 
Department of Geology, University of Oklahoma, Norman, Okla. 


The Sylvan shale, an Upper Ordovician formation, crops out extensively in the Arbuckle Mountains 
of Oklahoma. The characteristic lithology is a greenish-gray shale. The megascopic fauna is abundant 
but limited to seven graptolite and one brachiopod species. At one locality, approximately 414 miles 
south of Davis, Oklahoma, on Highway 77 a microfossil faunule consisting of 11 chitinozoan, 13 
hystrichosphaerid, and 2 scolecodont species was found in hydrofluoric-acid residues. Two genera and 
11 species of chitinozoans and 13 species of hystrichosphaerids are described as new. At present 
no close relationship between the faunas of the Sylvan shale of Oklahoma and the Maquoketa shale of 
Iowa is apparent though the formations are considered correlative. 
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NEW DETERMINATIVE TABLE BASED ON OPTICAL PROPERTIES 


Horace Winchell 
Department of Geology, Yale University, New Haven, Conn. 


Several well-known types of determinative tables or charts are based on the measurement of two 
or more refractive indices, after preliminary classification as to uniaxial or biaxial or isotropic char- 
acter, optic sign, etc. A new three-dimensional chart is suggested, to be constructed in hemicylindrical 
co-ordinates with the intermediate refractive index ny plotted along the axis of the cylinder, bire- 
fringence n,-nx as the radial co-ordinate, and 2V., ranging from 0° in uniaxial positive, to 180° in 
uniaxial negative minerals, as azimuthal co-ordinate. This diagram should be constructed on trans- 
parent sheets corresponding to selected ranges of ny, bound together in registry with one another so 
that by selecting several sheets corresponding with the precision of index measurement, the user can 
find at a glance all recorded substances that match his observations. 

A preliminary copy of this table has been subjected to practical tests with good results. Its ap- 
plicability extends to easily made observations on thin sections as well as immersed grains, for 2V, 
Nz-Nx, and ny can all be estimated from observation of a section of a single grain cut normal to an 
optic axis. 

A special advantage is the unified presentation of substances of all optical classes in such a manner 
that variable properties, characteristic of minerals of variable composition, do not require graphical 
discontinuities corresponding to changes of sign where 2V passes through 90° (or as nz-nx passes 
through zero in uniaxial minerals), or as orientation, etc., changes with the passage of 2V through zero. 


TAZEWELL LACUSTRINE SEDIMENTS NEAR CLEVELAND, OHIO 


John D. Winslow 
U. S. Geological Survey, Columbus, Ohio 


Proglacial lacustrine sediments of Tazewell age are exposed in the Mill Creek Valley at Cleveland, 
Ohio, conformably overlying post-Farmdale loess and unconformably underlying pre-Cary sand. The 
lacustrine sediments are believed to have been deposited in a large proglacial lake during the oscil- 
latory advance of Tazewell ice, the ice front forming part of the lake border. The top of the laminated 
lake sediments lies at an altitude of about 920 feet, about 100 feet higher than postglacial Lake 
Maumee. Some of the laminae may be varves, but most are not. 

Microfossils in the lacustrine sediments were studied. Pollen indicates that three increasingly cold 
climatic cycles occurred during the unbroken period of sedimentation. Disseminules of Tasmanites, 
derived from Paleozoic rocks by glacial erosion and carried into the lake by meltwater, are in- 
versely proportional numerically to the number of pollen in a lamina. The greatest number of dis- 
seminules were deposited when the ice front was nearest the area in the coldest part of each cli- 
matic cycle, when pollen was scarce. 

The altitude of the lake surface is not known, but it may have been as high as 950 feet because the 
laminated sediments were deposited below the wave base and also because the lacustrine deposits 
were eroded to an altitude of 920 feet before the pre-Cary sand was deposited. The life span of the 
lake is estimated to have been between a few hundred and a few thousand years. 


GASOMETRIC DETERMINATION OF CALCITE AND DOLOMITE 


John A. Wolfe and Virgil C. Bartlett 
Ideal Cement Company, Fort Collins, Colo. 


A method for rapid determination of calcite and dolomite in a mineral specimen based upon the 
time of evolution of CO, has been developed. One-half gram samples are used for this test; 25 ml of 
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one-half normal acetic acid will release all the CO, from a sample of CaCO; in about 15 minutes. 
Dolemite requires more than 3 hours for complete reaction. 

At laboratory temperature (77-81°F.) 7 minutes was found to be the reaction time when most of the 
CO» from CaCO; has been evolved and enough dolomite has reacted to produce the total quantity 
of gas to be expected from the CaCO; present. After this volume has been determined 2:1 HCl is 
added to complete the reaction in about 30 minutes. 

Accuracy of the test is dependent upon standardization under conditions of temperature, pressure 
and acid strength against a known. Accuracy of weighing is very important. If the test is run without 
drying, results will be poor. Uniform stirring is obtained by a magnetic stirrer. Presence of other 
compounds which evolve gas in the presence of acetic or hydrochloric acid will give erroneous results. 
At the ends of the calcite-dolomite scale error will be introduced. The method is particularly useful in 
the range of 6-30 per cent dolomite, the region where small changes in amount of dolomite are sig- 
nificant and difficult to determine. 


PHASE RELATIONS OF BIOTITES ON THE JOIN PHLOGOPITE-ANNITE 


D. R. Wones 
Massachusetts Institute of Technology, Cambridge, Mass., and Geophysical Laboratory, Carnegie 
Institution of Washington, Washington, D. C. 


A series of biotites lying on the join phlogopite-annite has been synthesized using the buffer 
technique of Eugster (Jour. Chem. Phys., 1957, v. 26, p. 1760). Complete solid solution was observed 
in the range 500° to 850°C. and 10-* to 10-* atm Oz, at water pressures of 15,000 and 30,000 p.s.i. 

Biotites exist over a large range of compositions, pressures, and temperatures and are in equilibrium 
with the following assemblages (in order of increasing temperature and decreasing oxygen pressure): 
hematite + sanidine + vapor; magnetite + sanidine + vapor; olivine + leucite + kalsilite + 
vapor; iron + sanidine + vapor. 

Properties of biotites synthesized at 30,000 p.s.i. water pressure and varying temperatures and 
Po» are as follows: 


Ny Ny Ny 
Composition 600°C 700°C 700°C 4(060) in A 
(wt. % annite) = 10719" = Pog = 10715* (S00°-850°C) 

20 1.600 1.600 1.600 1.538 
40 1.618 1.618 1.618 1.542 
60 1.642 1.644 1.646 1.547 
80 1.670 1.674 1.676 1.582 


Compositions of biotites in equilibrium with sanidine + magnetite + water vapor at 30,000 p.s.i. 
and varying temperature and Po, are as follows: 


Temp. Biotite 
Pog (wt. % annite) 
700 10716 80 
700 10-8} 89 
800 60 
800 


* Po. of a Ni + NiO buffer. T Poo of a quartz + magnetite + fayalite buffer. 


Variations of Fe/Mg ratios in natural biotites may be used to detect gradients in pressure, tempera- 
ture, and oxygen pressure only if the biotite observed coexists with reaction products. Variations of 
Fe/Mg ratios in biotites not coexisting with possible reaction products would indicate gradients in 
the chemical potentials of Fe and Mg. 
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ORDOVICIAN AND SILURIAN DEFORMATION AT THE NORTHEAST END OF THE 
APPALACHIAN BASIN 


Herbert P. Woodward 
Rutgers University, 40 Rector Sireet, Newark, N. J. 


Whereas the Coeymans limestone has long been considered the oldest Devonian rock of the Hudson 
Valley, it is now very likely that the underlying Manlius and Rondout limestones also belong in the 
Devonian. This stratigraphic change critically affects the dating of the Taconic revolution and 
prompts a chronologic reappraisal of the tectonic history of the northeast end of the Appalachian 
basin. 

Thus, the classic unconformities (1) at Becraft Mountain between the Rondout and Normanskill 
shale, and (2) at Otisville between the Shawangunk conglomerate and Hudson River shales have 
both been familiar date lines for the Taconic orogeny, which has thereby been judged to be mainly 
post-Ordovician and pre-Silurian. Under the new stratigraphic alignment, the two unconformities 
supply disparate information permitting some of the orogeny to be as old as Trenton or as late as post- 
Silurian. 

Evidence is cited that strongly favors a pre-Mid-Trenton age for the main Ordovician deformation 
and also suggests that the familiar Taconic overthrust faults were not produced at the same time. 
Indications of Silurian deformation are considered including the absence of the entire Silurian system 
along the Helderberg escarpment. 

A tentative thesis is presented for discussion that much of Taconic deformation either should be 
back-dated to the Trenton or that it took place in unison with the Caledonian revolution of the 
Silurian. Relatively little active deformation in the northeastern Appalachian basin seems left for 
necessary assignment to the closing days of the late Ordovician. 


RADIOGRAPHIC EVALUATION OF HOMOGENEOUS DISTRIBUTION OF TRACE 
ELEMENTS IN MINERALS 


H. D. Wright and C. M. Smith 
Department of Mineralogy, The Pennsylvania State University, University Park, Pa. 


A method has been developed for evaluating homogeneous distribution of radioactive trace elements 
in minerals. It has been applied to studies of crystalline solid solution at concentration levels below 
the reach of X-ray diffraction and other methods. Restricted thus far to natural radioisotopes, the 
applicability is now being broadened by using beta-active isotopes of convenient half-life, such as 
Ag", Cu, and Co®, or charged particles of sufficiently low energy, as from the B", (n, a) Li’, and 
Li®(n, a) H® reactions. Autoradiographs are prepared from host crystals synthesized in the presence 
of the radioactive substituent, or from crystals, natural or artificial, containing substituents of normal 
isotopic distribution, subsequently irradiated. 

A study has been made of the distribution of uranium in galena, sphalerite, and pyrite from uranif- 
erous hydrothermal veins in the western United States, and in hydrothermally synthesized galena. 
Alpha autoradiographs were prepared from polished mounts of carefully purified, acid-cleaned 
grains. Deviations from randomness due to concentrations of uranium in microscopic fractures, 
grain cratings, replacements, and inclusions usually are recognizable visually. Tracks appearing to 
be randomly distributed are tested for Poisson-type distribution using counts per unit area. Failure to 
conform to Poisson distribution, indicating nonrandomness in the distribution of uranium, obviates 
an interpretation of solid solution. 

Aggregation of uranium atoms in the submicroscopic range is checked by search for “‘stars” of 
radiating tracks. The smallest aggregate size detectable is relatively large for the long-lived uranium 
but extends to extremely fine particles in studies of short-lived isotopes. 
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UPPER JURASSIC STRATA OF THE COLORADO PLATEAU AS A RECORD OF 
TECTONIC HISTORY IN THE EASTERN GREAT BASIN 


James C. Wright and D. D. Dickey 
U. S. Geological Survey, Denver Federal Center, Denver, Colo. 


The lithologic nature, distribution, and cross-strata of the San Rafael group on the Colorado 
Plateau help to date the destruction of an ancient geosyncline (described by Nolan, Eardley, and 
Kay) in the eastern Great Basin. 

The Carmel and Entrada formations, lower units of the San Rafael group, thicken westward and 
grade toward finer clastics and chemical precipitates at the west edge of the Plateau. The original 
depositional centers of these formations were probably in the old geosyncline; their source areas 
were at the eastern and southern edges of the Plateau. The sediments in a few beds in the upper part 
of the Entrada sandstone at the western edge of the Plateau may have come from the west across the 
nearly filled geosyncline. Cross-strata in the basal conglomerate of the overlying Curtis formation 
dip to the northeast; the source area was probably near the position of the old geosyncline. Studies 
by L. C. Craig show similar trends in the overlying Morrison formation and demonstrate continuing 
uplift of the former geosyncline. 

The drainage reversal from westward to eastward records deformation of a geosyncline that had 
existed with interruptions and modifications since Cambrian time. Throughout the Paleozoic and 
early part of the Mesozoic the Colorado Plateau area was a broad shelf at the east edge of the geo- 
syncline. During Late Jurassic time the geosyncline was deformed and uplifted to initiate eastward 
drainage across the Plateau. In Cretaceous time vast quantities of coarse clastics were transported 
eastward from the newly uplifted highland. 


TWINNED HIGH-TEMPERATURE CORDIERITE IN FUSED ARKOSE 


P. J. Wyllie 
Dept. of Geophysics and Geochemistry, College of Mineral Industries, The Pennsylvania State University, 
University Park, Pa. 


Progressive thermal metamorphism of Torridonian arkose by a picrite sill in Soay (Hebrides) has 
culminated in extensive fusion. Microlites of cordierite were precipitated from the liquid as colorless, 
six-sided prisms (maximum dimension 0.06 mm) with abundant magnetite inclusions. Refractive 
indices of the cordierite lie between 1.529 and 1.541, and the (—)2V is small. The cordierite is fre- 
quently twinned on (110), and rare cruciform twins are also present. The latter have (021) or (101) as 
the probable twin plane. Only (110) and (130) have been reported previously as cordierite twin planes. 
The distortion index, A (degree of distortion from hexagonal symmetry, measured by X-ray powder 
diffraction), is 0.08; the mineral is high subdistortional cordierite. From independent evidence, the 
maximum Py.9 was 430 kg/cm?, and the minimum temperature interval of cordierite crystallization 
was 1025°C. to 935°C. If Puyo were less than 430 kg/cm’, the estimated crystallization temperatures 
would be higher. A useful temperature scale may be established by: (1) correlation of the structural 
state of cordierite with estimated temperature and pressure of water vapor in natural systems, and 


(2) extension of hydrothermal studies on synthetic cordierites. 


EARLY SILURIAN AND LATE ORDOVICIAN PALEOCURRENTS IN THE CENTRAL 
APPALACHIANS 


Lloyd S. Yeakel* 
Depariment of Geology, The Johns Hopkins University, Baltimore, Md. 


About 6700 Tuscarora (Lower Silurian) cross-beds were measured at 210 localities in Pennsylvania 
and adjacent States. The mean down-current direction is northwest (322°). Cross-bed units, 90 per 
cent of the planar type, range in thickness from 1 to 50 inches and average 6 inches. 


* Present address: Shell Development Co., Houston, Texas 
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Ripple marks (41 measurements) are both subparallel and subnormal to mean current directions, 
Approximately half the ripples observed are asymmetric with lee slopes showing western components, 
Long axes of shale pebbles show no simple correlation with current direction. 

The mean maximum diameter of quartz pebbles decreases down-current. Extrapolation using 
Sternberg’s Law to an assumed initial size of 150 mm places the eastern limit of Tuscarora deposition 
(the “Fall Line”) approximately 100 to more than 300 miles southeast of the Allegheny Front. 

Greater thickness and coarsening eastward together with occurrence of marine fossils only in 
western New York and Ohio suggest that the Tuscarora is nonmarine, probably fluvial. Oil and gas 
fields which form an arcuate belt in Ohio, northwestern Pennsylvania, and western New York 
probably mark the'zone of off-shore bars. 

Nearly 4000 cross-bed measurements in the Bald Eagle and Juniata (Upper Ordovician) indicate 
that a northwest sediment transport prevailed for both formations. Shale-pebble long axes vary in 
orientation as in the Tuscarora. Parting lineation is commonly subparallel to cross-bedding directions. 

The maximum diameter of quartz pebbles increases to the east and, combined with cross-bed 
current patterns, indicates that the Juniata and Bald Eagle, just as the Tuscarora, were derived from 
the southeast under similar paleogeographic conditions. 


LATE PALEOZOIC GASTROPODA FROM NORTHERN ALASKA 


Ellis L. Yochelson and J. Thomas Dutro, Jr. 
U. S. Geological Survey, Washington, D. C. 


Gastropods occur in northern Alaska in rocks of Mississippian, Pennsylvanian (?), and Permian 
age; most of these fossils are from Mississippian rocks. Although the gastropods are of use for dating 
the rocks only in the broadest terms, they are locally useful in establishing informal faunal zonation. 
Rocks of Early Mississippian, early Late Mississippian, late Late Mississippian, and Permian age 
can be distinguished by the predominance of certain genera and species. One collection, consisting 
exclusively of Glabrocingulum and Trepospira, suggests that rocks of Pennsylvanian age may be pres- 
ent in northern Alaska. 

The gastropod faunule is composed primarily of euomphalaceans, platycerataceans, pleuroto- 
mariaceans, neritaceans, and bellerophontaceans, in that order of abundance. Thirty-four species are 
recognized. Nine of these are formally named as new species, another is referred to a previously 
described species, and the remaining species are unnamed. One new pleurotomariacean genus is 
described. 


CHEVKINITE IN VOLCANIC ASH 


E. J. Young and H. A. Powers 
U. S. Geological Survey, Bldg. 25, Denver Federal Center, Denver, Colo. 


Chevkinite, a titano-silicate of the cerium earths, has been found as crystals in rhyolitic volcanic 
ash of Pleistocene age from six western States. Although the equivalence of this mineral to the 
chevkinite from the original Russian occurrence has not been established, this mineral“does match 
two minerals called chevkinite, one from a pegmatite in Arizona and the other frem a fayalite-quartz 
syenite in New Hampshire. Perrierite, chemically similar to chevkinite, but with a different X-ray 
pattern, has been reported in tufiaceous sands from Nettuno, Italy. 

In volcanic ash chevkinite generally occurs as slender dark-brown prismatic crystals, although some 
are stubby; the average size is approximately 0.03 by 0.17 mm. The amount of chevkinite in the ash 
is generally less than 0.001 per cent. It was concentrated by heavy liquids and magnetic separation. 
The most striking diagnostic feature of the crystals is complete absorption of polarized light in two 
directions, one parallel to and one at right angles to the elongation, 7 and 8, respectively. The third 
direction, a, shows least absorption and is yellow to brown. 
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In volcanic ash from Mercury, Nevada, ferro-augite and fayalite are found among the associated 
crystals. Chevkinite has been detected as inclusions in the fayalite and ferro-augite, indicating its 
early formation. 

Chevkinite is so rare in these ash deposits that it probably would not have been seen in routine 
thin-section or grain-immersion studies; it may have more widespread distribution than heretofore 
recorded in igneous rocks, including volcanic ash. 


AGE OF THE AUSTIN CHALK (CRETACEOUS) 


Keith P. Young 
Dept. of Geology, The University of Texas, Austin, Texas 


Nearly completed studies of Gulf Coast Texanitinae indicate that part of the Austin Chalk is 
Campanian. 

The upper part of the middle Austin Chalk contains Texanites texanus (Romer), T. stangeri 
(Baily) and its subspecies densicostus (Spath), T. americanus (Lasswitz), and Inoceramus undulato- 
plicatus Romer. The upper part of the middle chalk then is clearly Santonian, and most probably 
Lower Santonian. The calcarenite beds above the Jnoceramus undulatoplicatus-bearing chalk contain 
Texanites texanus gallicus Collignon, which farther west is associated with Stantonoceras guadalupae 
(Rémer), S. sancarlosense (Hyatt), S. pseudosyrtale (Hyatt), and other species. These are also clearly 
Santonian. 

The base of the upper Austin Chalk, near Austin, contains Bevahites bevahensis Collignon, a new 
species of Texanites transitional to Submortoniceras, and a new species of Glyptoxoceras; this fauna 
could be uppermost Santonian or lowermost Campanian. Higher in the upper chalk are found Sub- 
mortoniceras sp. aff. tenuicostulatum Collignon, and a related fauna in Trans-Pecos Texas contains S. 
sp. aff. condamyi Collignon; associated fossils in Coahuila, Mexico, include a new subspecies of 
Bevahites costatus Collignon. This fauna clearly has Lower Campanian affinities. 

The overlying Burditt marl contains Parapuzosia bései Scott and Moore, the same Submortoniceras 
sp. aff. tenuicostulatum that is found in the next lower zone, and S. cf. vanuxemi (Morton); this is also 
a Lower Campanian fauna. Above the Burditt marl are ammonites related to Delawarella roedereri 
Collignon, of Middle Campanian age, and the base of the lower Taylor Clay at Austin is near the 
base of the Middle Campanian. ; 


CARBONATE EQUILIBRIA IN THE OPEN OCEAN 


E-an Zen 
Dept. of Geology, University of North Carolina, Chapel Hill, N. C. 


Concentration of carbonate and alkaline-earth ions in sea water will result in the precipitation of a 
solid carbonate phase. In a closed basin, continued precipitation would continuously shift the compo- 
sition of the liquid phase and result in eventual saturation with respect to other carbonates. In the 
open sea, in contrast, where the chemical activities of the dissolved components are not controlled by 
the course of precipitation, even with continued concentration of the liquid, in general only one 
carbonate will precipitate at any time and place, though the composition and identity of the phase 
may change. Phase transition will occur abruptly at specific values of the physicochemical conditions, 
and two-carbonate deposits should be limited. These relations are readily understood in terms of the 
Gibbs Phase Rule and can be represented graphically. : 

Petrographic data on modern deposits indicate that the first carbonate to precipitate from sea 
water is commonly calcite. Drill core records from Funafuti atoll, however, show that at depth and 
in contact with sea water it changes to dolomite. 

Thick beds of one-carbonate limestone, whether calcite or dolomite, which are direct chemical 
deposits, are most likely formed in the open sea. Although two-carbonate limestones cannot be in- 
terpreted uniquely, open-sea precipitation is not the most likely mechanism. 


ats. 
ing 
ion 
in 
gas 
ate : 
ns. 
bed 
om 
ian 
ing 
on. 
age 
ing 
to- 
are 
sly 
nic 
the 
tch 
rtz 
ay 
me 
ash 
on. 
wo 
ird 
| 


1670 ABSTRACTS 


COMPOSITION OF NEPHELINE AND SANIDINE IN A PSEUDOLEUCITE FROM ELK 
PEAK, BEARPAW MOUNTAINS, MONTANA 


E. G. Zies and F. Chayes 
Geophysical Laboratory, Carnegie Institution of Washington, Washington, D. C. 


Pseudoleucite in a porphyritic tinguaite from the Elk Peak fire road consists of nepheline and 
sanidine, with about 3 per cent of dark minerals, chiefly aegirine. The nepheline and sanidine show 
variation of texture from a granular aggregate of subhedral crystals to a remarkable perthitelike 
intergrowth, in which swarms of nepheline blebs are contained in a sanidine host. The nepheline 
contains about 8.1 per cent K,0, and we find no evidence for either excess or deficiency of SiO». The 
feldspar is a virtually pure potassium sanidine, with 15.91 per cent K,O and .45 per cent BaO. 


OVERTAKING WAVE OF ACIDIC COMPONENTS IN ASCENDING SOLUTIONS AND 
HYDROTHERMAL ACID-BASE DIFFERENTIATION 


D. S. Korzhinskii 
Leninskii Prosp. 13, Ap. 27, Moscow, U.S.S.R. 


The striking feature of postmagmatic processes related to granitic massifs is the ‘acid-base 
differentiation” in the hydrothermally changed rocks. That is, the bases leached out of rocks are 
partly precipitated as veins and veinlets in the leached rocks. 

The new hypothesis of “the overtaking wave of acidic components” in the flow of ascending mag- 
matogene solutions is proposed. It is assumed that the acidic components of a solution (CO2, HCl, 
H,S, etc.) may percolate faster than the rest of the solution (‘‘acido-filtration effect’). The ascending 
solutions are enriched in acidic components in the crystallization of magma, with the subsequent 
increase of acidity in the condensation of the solution. At any given section of the flow of ascending 
solutions the acidity of the solution increases with the wave of acidic components, so that leaching 
results. Beyond the wave the acidity of solution decreases, which causes the precipitation of bases. 

With increasing acidity of the solution the dissolution of minerals predominates, and the pores of 
rocks are widened. It provides the wide front of the leaching of the rocks. With decreasing acidity 
precipitation predominates, and the pores in rocks are stopped up. Consequently, the flow of solu- 
tions and precipitation at this stage are confined to the fissures. For example, the massifs of leached 
and silicified rocks contain veins and veinlets of high-alumina minerals—pyrite, etc. 
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CORDILLERAN SECTION (GSA), PACIFIC COAST SECTION (PS), 
SEISMOLOGICAL SOCIETY OF AMERICA 


WEATHERING SEQUENCE PRODUCING GIBBSITIC END PRODUCTS FROM OLIVINE 
BASALT ON THE ISLAND OF KAUAI, HAWAII 


Agatin T. Abbott 
University of Hawaii, Honolulu, Hawaii 


Four distinct stages of weathering under subtropical climatic conditions are recognized on the 
Koloa flows of Pleistocene age? on Kauai. In stage (1) the unaltered rock is a dense, slightly por- 
phyritic olivine basalt, with an intersertal texture, composed principally of labradorite (AbsAnss), 
olivine, augite, magnetite, and minor amounts of volcanic glass. In stage (2) the rock porosity is 
appreciably increased. Rims of iddingsite form around the olivine phenocrysts, and augite alters to 
epidote. In stage (3) the feldspar alters directly to gibbsite, which occurs as finely divided, dissemi- 
nated grains and as lath-shaped pseudomorphs after the feldspar. Olivine alters further to iddingsite, 
iron oxide, and minor serpentine; epidote breaks down to iron oxide; some black opaque grains 
persist. In stage (4) the alumina from some of the finely divided grains of gibbsite in the matrix 
becomes mobilized and migrates along fractures and interstitially to be redeposited as a more coarsely 
grained product which occurs as a coating in cavities and as a fracture filling. Agglutinated, nodular 
masses of gibbsite may result from filling of the larger openings. 

Chemical analyses demonstrate the exceedingly rapid disappearance of silica, calcium, and mag- 
nesium between stages (1) and (3) and the corresponding increase in iron oxide and alumina. 


STUDY OF EARTHQUAKE MECHANISM USING S-WAVE DATA 


Wm. Mansfield Adams 
Laramie, Wyo. 


The purpose of this paper is to determine from the seismograms of a tectonic earthquake the line 
of the motion which generated the observed S waves (tectonically, the A axis). By noting certain 
geometrical relationships between the faulting motion and the emitted S waves, it is possible to 
derive a method which determines the line of the generating motion from observations of the gen- 
erated S waves. The results of the application of the proposed method of S-wave analysis should, 
theoretically, be usable to determine which of the two solutions given by the P-wave method of 
analyzing the tectonic mechanism of earthquakes is the correct solution. The proposed procedure is 
applied to data collected from the original seismograms of four earthquakes as recorded at seismo- 
graph stations throughout the world. There is such poor agreement between the S-wave results and 
the previous P-wave solutions that one must conclude that one or more of the following is true: the 
mechanism assumed is not the type actually occurring; the phase identified as the S wave does not 
correspond to the first P-wave motion; the P-wave method is incorrect or inadequate; the S-wave 
method is incorrect or inadequate. To select among the various possibilities necessitates a discussion 
of the relative merits, defects, and potentialities of the two methods. 


PLEISTOCENE GLACIATION IN THE SAN BERNARDINO MOUNTAINS, SOUTHERN 
CALIFORNIA 


C. R. Allen, M. F. Meier, and R. P. Sharp 
California Institute of Technology, Pasadena, Calif.; U. S. Geological Survey; California Institute of 
Technology, Pasadena, Calif. 


Wisconsin glaciers occupied seven canyons on the northand northeast slopes of San Gorgonio Moun- 
tain and near-by San Bernardino Mountain, two of the highest peaks of southern California. These 
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canyons are tributaries of North Fork of Whitewater River, South Fork of Santa Ana River, Barton 
Creek, and Forsee Creek. All have cirques which head at elevations exceeding 10,300 feet, and all 
contain characteristic glacial deposits with well-developed lateral and end moraines extending as low 
as 8700 feet. The morphology of these deposits is more typical of that produced by glaciers than by 
mass wasting. 

In each canyon. deposits representing two distinct episodes of glaciation have been differentiated 
on the basis of topographic superposition and differences in degree of weathering. Deposits of the 
younger stage are characterized by lighter color, sharper topography, less gruss, and greater size, 
frequency, and angularity of boulders. The older deposits prebably are at least twice as old as the 
younger, but both are thought to be Wisconsin because of the high degree of preservation. Still more 
recent morainal loops high in the cirques may be post-Wisconsin. No correlation is attempted between 
the two principal episodes represented here and Wisconsin substages recognized in other parts of 
western United States. 


GEOLOGIC STRUCTURE AND SEISMICITY IN SOUTHERN CALIFORNIA 
AND ADJACENT AREAS 


C. R. Allen, P. St. Amand, and C. F. Richter 
California Institute of Technology, Pasadena, Calif.; U. S. Naval Ordnance Test Station, China Lake, 
Calif.; California Institute of Technology, Pasadena, Calif. 


Distribution in space and time has been studied for 8824 earthquakes that occurred in southern 
California and adjacent areas from 1 January 1934 to 31 December 1955. Strain-release density maps 
have been prepared for different areas, epochs, and magnitude groups. 

High seismicity is found for (1) most of the Transverse Ranges, (2) San Andreas fault zone in 
southeastern California and northern Mexico, particularly San Jacinto fault, (3) Agua Blanca-San 
Clemente Island fault zone, and (4) Wheeler Ridge-Walker Pass alignment. Among relatively inactive 
areas are (1) southern Sierra Nevada and adjacent San Joaquin Valley north of Kern River Canyon 
and Walker Pass, (2) Mojave Desert wedge west of Barstow, and (3) San Diego block bounded by 
Elsinore, Agua Blanca, and San Clemente Island faults. 

Most larger earthquakes have occurred on well-known active faults. Although many smaller 
earthquakes have’ occurred between major faults, the overall strain-release pattern of shocks of 
magnitude 3.0 to 4.0 is similar to that of larger earthquakes. 

Among faults showing abundant Recent scarps but now relatively quiescent are the segment of 
San Andreas fault probably broken in 1857, the portion of Owens Valley broken in 1872, Garlock 
fault, and Mission Creek-Banning fault from Indio Hills to Salton Sea. Quiescence does not neces- 
sarily indicate absence of potential activity. Indeed, in highly tectonic regions absence of current 
seismicity on faults showing historical or physiographic evidence of Recent movements must be 
regarded with concern; these faults are particularly likely to produce major earthquakes. 


SEISMIC WAVES FROM THE NEVADA UNDERGROUND EXPLOSION 
OF SEPTEMBER 19, 1957 


Leslie F. Bailey and Carl Romney 
Washington, D. C.; Bethesda, Md. 


Pn waves from the Nevada underground explosion were recorded at stations between 181 and 1023 
km. When fitted to a linear travel-time curve, the observations gave the relation ¢ = 8.0 + 4/8.0. 
Less definite P waves were detected at distances as great as 17.7° in the United States and at a dis- 
tance of 33.4° at College, Alaska. 

At many stations strong short-period (0.5 to 1.5 second) arrivals were recorded which were identi- 
fied as Lg on the basis of their observed speed of 3.5 km/sec. Ly tended to be most definite on the 


vertical-component seismograms. 
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DOMINANT MOLLUSCAN FAUNAS OF THE SAN PEDRO BASIN, CALIFORNIA 


Orville L. Bandy 
University of Southern California at Los Angeles, Calif. 


Statistical analyses were made of available data of the living benthonic mollusks reported in the 
San Pedro Basin of southern California. Dominant molluscan faunas are recognized for beaches, 
lagoons, and for nine bathymetric zones between depths of 27 and 2994 feet. Dominant species are 
those amounting to 2 per cent or more of the total living benthic population in at least one of the 
bathymetric zones. Gastropods are most abundant in lagoons and in the shallowest and deepest 
samples of the offshore zones. Pelecypods are abundant in beach sands and down to depths of 1800 
feet, and of diminishing importance below. Scaphopods are of minor importance throughout the 
zones investigated. Amphineurans become progressively more abundant with depth. Cephalopods 
are of no significance. 

Other general trends include the following: (1) Species are most numerous in the central region of 
the continental shelf; (2) specimens per sample are most numerous on the outer part of the shelf 
and in the upper bathyal zone; (3) the maximum number of species per genus occurs in the upper 
bathyal zone; (4) the maximum number of specimens per species occurs at depths of about 1500 feet; 
and (5) Jess than 30 per cent of the samples lack live specimens above sill depth (2418 feet), whereas 
76 per cent of the samples are without living specimens below sill depth. 


URANIUM DEPOSITS OF THE TURTLE LAKE QUADRANGLE, 
NORTHEASTERN WASHINGTON 


George E. Becraft and Paul L. Weis 
U.S. Geological Survey, Spokane, Wash. 


Three uranium deposits in the Turtle Lake quadrangle—the Midnite mine, Lowley Lease, and 
Deer Mountain prospect—are in metasedimentary rocks along contacts with the Cretaceous (?) 
Loon Lake batholith, and two deposits—Northwest Uranium and Big Smoke mines—are in Oligocene 
tuff and carbonaceous shale. 

At the Midnite mine the ore consists largely of meta-autunite with locally abundant uranophane 
and phosphuranylite in steeply dipping veins in altered Precambrian schist and phyllite at or near 
the contact with porphyritic quartz monzonite. Below the oxidized zone, fracture coatings of uran- 
inite, coffinite, and pyrite form veins in the metasediments but not in the quartz monzonite. 

At the Lowley Lease uraninite and coffinite occur along a sheared zone in impure quartzite at a 
contact with granodiorite. 

A nearly horizontal ore body 2-20 feet thick has been outlined by percussion drilling at the North- 
west Uranium mine. The ore body is cut off by a fault on the west and pinches out to the north, 
east, and south. The ore has not been observed in place, but uraninite has been identified from drill 
cuttings. 

The age of the uranium deposits is uncertain, but the occurrence of uranium along the contact of 
the Loon Lake batholith at three mines suggests a genetic relationship with the batholith for these 
deposits. However, the Northwest Uranium and Big Smoke deposits are post-Oligocene in age and 
may have been deposited from ground water. 


EFFECT OF UNEQUAL FLING OF TWO SURFACES OF A FAULT 
Hugo Benioff 
California Institute of Technology, Seismological Laboratory, Pasadena, Calif. 


When a fault is also the contact between two rock masses having unequal elastic coefficients or 
when the constraints on the two blocks are unequal as in the case of a shallow dipping fault, the 
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radiation pattern departs from the symmetrical form commonly assumed in fault-plane solutions. 
Considering compressional waves, the nodal plane, which in the case of equal elastic coefficients 
coincides with the fault plane, is rotated toward the block with the larger elastic coefficient or with 
the greater restraint. The orthogonal relationship between this nodal plane and the one normal to 
to the fault plane which holds for those faults with equal fling of the two surfaces is in this case no 
longer valid. Recordings made by John Healy with Press’ ultrasonic model assembly show nodal 
deviations of about 15°. Many earthquakes occur at or near the continental margins where the 
continental crust meets the oceanic crust. Owing to the differences between the continental and 
oceanic crusts, the faults in these regions may be expected to exhibit lack of elastic and geometric 
symmetry with consequent departures in the radiation patterns from the orthogonal condition. 


STRAIN SEISMOGRAPH RECORDERS FOR LONG-PERIOD WAVES 


Hugo Benioff 
California Institute of Technology, Seismological Laboratory, Pasadena, Calif. 


A new recording system having high sensitivity and excellent stability has been developed for 
recording earth tidal strains and ultra long-period seismic waves with the fused quartz extensometer. 
The transducer is of the resonant-capacity bridge-fixed carrier-frequency type operating at 5 MC. 
The two resonant circuit capacitors are formed between a plate attached to the end of the quartz 
standard and two fixed plates. The resonant circuits are coupled to crystal diode rectifiers whose 
output drives an Esterline Angus inkwriting recorder. Two forms are being tested in our Dalton 
and Isabella installations. In the Isabella installation the oscillator employs a vacuum tube. In the 
Dalton installation the oscillator is driven by transistors, and the rectified output current is coupled 
to a double push-pull transistor cathode-follower circuit devised by L. Blayney, and this drives the 
Esterline Angus recorder. The all-transistor circuit version operates for several months on a set of 
dry cells and is thus entirely independent of the power line. 

For seismic waves in the range from about 30 seconds to 600 seconds period, a galvanometric 
photographic recorder is employed. The galvanometer has a period of 600 seconds and is operated 
from the carrier-current bridge transducer of the Isabella quartz extensometer through a capacity- 
resistance coupling circuit. The transducer-output voltage is proportional to ground-particle velocity. 
The time constant of the network consisting of the coupling capacity and series resistances is 4 sec- 
onds. Hence for the long-period waves of interest (T > 30 sec.) the voltage input to the galvanometer 
is proportional to the ground-particle acceleration, and the resulting response of the galvanometer is 
nearly proportional to ground displacement for waves with periods from about 20 seconds to 600 
seconds. 


MAGNETIC-TAPE RECORDING OF THE UNDERGROUND NUCLEAR EXPLOSION 
“RAINIER” 


F. G. Blake 
La Habra Laboratory, California Research Corporation, La Habra, Calif. 


On September 19, 1957, an experimental crew of the California Research Corporation recorded 
seismic waves from the underground nuclear explosion in Nevada at a point on the Colorado Plateau 
about 25 miles north of Holbrook, Arizona. Twelve vertical-component velocity seismometers were 
laid out in the form of an L. The length of the long leg was 1 mile, and it was pointed in the direction 
of the source. The use of this spread permitted determination of the directions of arrival of the differ- 
ent waves. The signal from each seismometer was separately recorded on multi-channel magnetic 
tape for a period of 45 minutes following the time of the shot. Accurate timing was provided by 
simultaneously recording signals from WWV and from a chronometer. The frequency range recorded, 
about 5 to 35 cps, was higher than is usual in earthquake seismology. Supplementary filtering during 
tape playback helped to improve the signal-to-noise ratio. 
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The playback seismograms reveal strikingly well not only crustal events but also many later ones. 
Waves transmitted and refracted by crustal layers are clearly detected. Interpretation of the rec- 
ords is incomplete, but other events recorded may have come from the earth’s deep interior. These 
may be of unusual significance because of the relatively short wave lengths of the recorded energy. 

In addition to travel-time determinations, these recordings can also yield, within their frequency 
range, measurements of the absolute amplitude and of the frequency spectrum of the ground motion. 


SOME EXAMPLES OF SEISMIC MODEL STUDIES IN AN INDUSTRIAL LABORATORY 


F. G. Blake 
La Habra Laboratory, California Research Corporation, La Habra, Calif. 


Seismic model studies have become quite common in both academic and industrial laboratories. 
The objectives of the two groups naturally differ somewhat, the first being more interested in earth- 
quakes and the second in oil exploration, but the differences are not so great as might be supposed. 
At the La Habra Laboratory, our major objectives have been in two fields: education and research. 
Our educational objective has been to demonstrate to the field geologist-geophysicist the existence 
and nature of different types of seismic waves under a variety of conditions. In part to make these 
demonstrations more convincing, our seismic models have been almost exclusively three-dimensional. 
Our research objectives have ranged from basic studies attempting to confirm or extend theoretical 
predictions to applied research in the form of scale models of practical field problems. Among the 
more basic problems, the most extensively studied have been diffraction by a wedge and propagation 
in layers of finite thickness. We have found, for example, that in solid media the variation with angle 
of the compressional wave energy diffracted by a knife edge is similar to that predicted by Pauli and 
Sommerfeld for electromagnetic waves, and we have provided rather precise experimental confirma- 
tion of Pekeris’ theory of wave propagation in a thin liquid layer over a thick one. These and some 
of the more qualitative, educational] studies are described. 


AREAL GEOLOGY OF MOUNT SHASTA AND VICINITY, CALIFORNIA 


Harold F. Bonham, Jr., and John V. A. Sharp 
Southern Pacific Company, Land Dept., San Francisco, Calif. 


The areal geology of nine townships encompassing Mount Shasta and vicinity was mapped (scale 
1/24,000) as part of the current geological exploration program of Southern Pacific Company. The 
map largely supersedes the published geologic sketch maps of the area. 

The volcanic cones of Mount Shasta, Ash Creek Butte, and The Whaleback lie within the long 
north-south belt of the High Cascade volcanic rocks (Pliocene-Recent) that separates the Klamath 
Mountains from the Modoc Plateau. 

Within the western and southern parts of the area, the Mount Shasta lavas overlie a basement 
complex consisting of Upper Paleozoic Copley (?) metavolcanic rocks and interbedded Bragdon 
(?) shales, slates, and sandstones. During late Mesozoic, both formations were intruded by basic 
and ultrabasic rocks. South of Mount Shasta City northeast-dipping andesite flows, locally present 
between the Mount Shasta lavas and the Paleozoic-Mesozoic rocks, are believed to be part of the 
Eocene-Miocene Western Cascade series. 

The oldest flows exposed on Mount Shasta (Pliocene (?)—Pleistocene) consist primarily of py- 
toxene and hornblende andesite. These flows are glaciated and partially concealed by extensive 
sheets of Pleistocene and Recent glacial moraine and fluvioglacial outwash. Numerous Late Pleis- 
tocene-Recent flows and cinder cones of basaltic andesite and olivine basalt are both interbedded 
with and overlie the moraine and outwash. 

The near-by Pliocene (?)-Pleistocene Ash Creek Butte volcano consists entirely of olivine basalt 
flows and pyroclastics. The Whaleback, a small Recent olivine basalt cone, is built upon the gla- 
ciated remnant of a Pliocene (?)-Pleistocene andesitic volcano. Mineral resources include aggregate 
and cinder deposits. 
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STRUCTURAL PATTERN OF THE PRECAMBRIAN, FRONT RANGE, 
COLORADO 


Margaret Fuller Boos 
2036 South Columbine, Denver, Colo. 


The Front Range of the Southern Rocky Mountains is a fault-bounded arch of Precambrian 
crystalline rocks bordered on the west, south, and east by deep basins of sedimentary rocks. Bodies 
of at least five distinctive and successive granitic rocks, enclosed by tightly folded and faulted less 
competent metamorphic rocks, crop out over two-thirds of its surface and bulwark the range from 
Canon City Basin on the south into Wyoming. 

The competent Pikes Peak batholith is upfaulted on the east, bordered by plutons of Mount 
Morrison, Boulder Creek, and Silver Plume type granites on the west and northwest, and enclosed 
on the south by curving faulted belts of quartzite and granitized quartzite. 

The metamorphic terrain south of Sherman batholith is reinforced by sprawling batholith and 
lesser plutons of Boulder Creek and Silver Plume type granite.Midway of the range, from south- 
east of the Central Mineral belt to the northeast end of Pikes Peak batholith, the folded and faulted 
metamorphic rocks are within the Golden fault belt and part of the mobile belt in the west margin 
of the deepest part of Denver Basin. The underthrusts there involve both the sedimentary forma- 
tions of the foothills and the adjacent highly disturbed Precambrian rocks. 

The dominant trend of structures in the Precambrian in the areas of weaker foliated crystalline 
rocks that divide the granite bulwarks is northwest. Many fractures of Precambrian origin were 
reactivated and extended during Laramide orogenies. The lithologic pattern and the structural 
framework partly controlled later segmentation of the entire range. 


STRATIGRAPHY OF THE SUR SERIES AT FREMONT PEAK, NORTHERN 
GABILAN RANGE, CALIFORNIA 


Oliver E. Bowen, Jr., and Cliffton H. Gray, Jr. 
Division of Mines, San Francisco, Calif. 


An 8200-foot section of strongly metamorphosed sediments of the Sur Series is well ex- 
posed astride Fremont Peak 10 miles northeast of Salinas at the north end of the Gabilan Range. 
The homoclinal sequence strikes E. and dips 70° N. Three crudely defined major units are recog- 
nized, a 1400-foot upper schist, a 3300-foot middle carbonate schist unit, and a 3500-foot lower 
schist. 

The upper schist unit is a relatively uniform quartz-mica schist almost devoid of carbonate rock. 
The middle carbonate schist includes 14 lithologic subunits; more than two-thirds of the total thick- 
ness is carbonate rock. The thickest carbonate subunit is 400 feet; the thickest schist, 500 feet. 
Three of the carbonate subunits are relatively pure limestone, whereas none is pure dolomite. The 
lower schist unit consists of three subunits, an 1100-foot upper schist, a 150-foot middle carbonate, 
and a 2250-foot lower schist. 

Neither top nor bottom of the sequence is exposed, and boundaries have been obliterated by 
quartz monzonite intrusions, so that the succession is incomplete. The 8200-foot section at Fremont 
Peak is within the 5000—10,000-foot range of thickness suggested by Reiche and Trask for the 
Sur Series in the Lucia and Point Sur quadrangles of the Santa Lucia Mountains. 

Indistinct forms in limestone suggestive of cup corals together with clastic debris possibly derived 
from round-sectioned crinoids, observed by the authors half a mile west of Fremont Peak on Rocky 
Ridge, yield the only age-suggestive features of the series. Part of the sequence is possibly Paleozoic. 


SUBSURFACE EOLIAN DEPOSIT AT THE HANFORD PROJECT, WASHINGTON 
Donald J. Brown and Randall E. Brown 
Hanford Laboratories Operation, General Electric Company, Richland, Wash. 


A subsurface eolian deposit of silt and clay occurs at the Hanford Project in the Pasco Basin of 
Washington. It is buried beneath a mantle of glacial outwash and materials correlated with the 
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Touchet beds and was found and explored by extensive drilling during investigations for Hanford’s 
waste-disposal program. The deposit is believed to be of eolian origin, similar to the main body of 
the Palouse formation of Eastern Washington. It lies directly over the Ringold formation close to 
the Ringold type locality at White Bluffs and appears to have been derived from that formation. 
If this subsurface eoliafi deposit is equivalent to the Palouse loesses, additional evidence will be 
established to indicate that at least part of the Palouse formation was likewise derived from the 
Ringold formation. Supporting the eolian origin of the deposit at Hanford are characteristics similar 
to eolian deposits elsewhere. These include (1) a high quartz, mica, and chlorite content in contrast 
to the composition of adjacent, underlying and overlying deposits, (2) all particles of a 
size characteristic of wind-blown material, and (3) quartz and feldspar grains subangular 
and slightly frosted. 

Inasmuch as this deposit overlies the Ringold formation and underlies the glacial sediments, it 
is post-Ringold and pro-latest glaciation in age. This stratigraphic position supports the general 
concept that at least part of the equivalent Palouse loess was deposited before the close of the latest 


glacial age. 


SURFACE OF THE BASALT SERIES IN THE PASCO BASIN, WASHINGTON 


Randall E. Brown and Donald J. Brown 
Hanford Laboratories Operation, General Electric Co., Richland, Wash. 


Geological exploration in the Pasco Basin of south-central Washington disclosed that the Colum- 
bia River basalt series surface lies as much as 250 feet below sea level beneath basin-fill sediments 
up to 650 feet thick. The configuration of the basalt surface and the presumed eastward extent of 
the geologic structures identified between Yakima and the Pasco Basin were determined almost 
solely from the records of several hundred wells drilled largely for that purpose in connection with 
Hanford’s waste-disposal program, and supplemented by about 100 more wells in the Columbia 
Basin Irrigation Project area to the east. 

Two deep troughs, separated by an exposed anticlinal ridge and apparently wholly synclinal in 
origin, constitute the main portion of the basin. The larger trough, the Cold Creek syncline, passes 
from north of the Yakima Range southeastward beneath the Hanford project and the Tri-Cities, 
and into the Walla Walla syncline. The shorter Wahluke samedi is most prominent beneath Wah- 
luke Slope south of the Saddle Mountains. 

All detected folds in the basin turn southeastward in contrast to their eastward trend to the 
west. The Saddle Mountain anticline, where last detected as a broad, low ridge beneath thick Ring- 
old sediments north of Pasco, trends south. Between the Horse Heaven Hills and the Saddle Moun- 
tains, the Umtanum Ridge, Yakima Range, and Rattlesnake Hills anticlines and the Dry Creek 
and Wahluke synclines die out. The detailed stratigraphy is currently under study. 


COBB SEAMOUNT, A DEEP-SEA FEATURE OFF THE WASHINGTON COAST 


Thomas F. Budinger and Betty J. Enbysk 
University of Washington, Seattle, Wash. 


Cobb Seamount is a deep-sea feature located 270 nautical miles west of Gray’s Harbor, Washing- 
ton (46° 46.4’ N. and 130° 48.8’ W.). The topography, geology, biology, and hydrography of the 
mountain have been investigated by the University of Washington Department of Oceanography 
research vessel, M. V. BRowNn Bear, with support of the Office of Naval Research. The report 
summarizes data obtained from 500 miles of soundings, 34 bottom samples, 25 hydrographic sta- 
tions, and other observations. 

The seamount rises from a base at 1500 fathoms below the sea surface to within 18.5 fathoms 
of the surface and constitutes an area of 240 square nautical miles. The average slopes of 12° are 
indented by three prominent terraces at 500, 100, and 45 fathoms. From the 45-fathom terrace 
Tises a 160-foot, apparently consolidated shell-bed pinnacle characterized by a flat top and 45-de- 
gree slopes. The 45-fathom terrace is attributed to lowered Pleistocene sea level. 
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Shape of the mountain and abundant dredge recovery of basalt indicate that the mountain is a 
volcanic cone. Fossil Foraminifera suggest a pre-Late Eocene origin. Later history involves the 
cutting of the three major terraces and development of various sediment environments. Total sub- 
sidence of at least 500 fathoms is postulated if the lowermost terrace was wave cut. The preserva- 
tion of this volcanic cone since Early Tertiary, with subsidence as the only active orogenic expres- 
sion, negates the previously suggested extension of the Pliocene-Pleistocene orogenic belt seaward 
into this area. 


MECHANISM AT THE FOCUS OF AN EARTHQUAKE 


Perry Byerly and William V. Stauder, S.J. 
Seismographic Station, University of California, Berkeley, Calif. 


The release of elastic strain in a region about the focus of an earthquake is considered as a mech- 
anism for the generation of earthquake waves. The implications of this model, as opposed to fling 
along the fault, are studied. Nodal surfaces separating regions of first dilatation and first compres- 
sion correspond to quadrants of the maximum and minimum regional compressive stress, respec- 
tively. These nodal surfaces are not identical to the fault plane and auxiliary plane of 
the customary fault-plane solutions. Nodes for SH and SV are also considered. Further, the angle 
of polarization of the beginning of the S phase at any station may be used to identify the direction 
of maximum compressive stress. Initial data suggest this mechanism bears further investigation. 


POSSIBLE CORRELATION OF RATTLESNAKE AND DANFORTH 
FORMATIONS OF EASTERN OREGON* 


Ian Campbell, J. E. Conel, J. J. W. Rogers, and J. M. Whitfield 
California Institute of Technology, Pasadena, Calif.; California Institute of Technology, 
Pasadena, Calif.; The Rice Institute, Houston, Texas; The Rice Institute, 
Houston, Texas 


Merriam, Stock, and Moody in 1925, while describing a rhyolite flow as a prominent, ledge- 
forming member of the Pliocene Rattlesnake formation in the John Day Basin, also pointed to its 
massive character and to the absence of flow lines. Wilkinson, in 1950, described this unit as an 
ignimbrite. In the Harney Basin, more than 50 miles to the southeast, Park, in 1939, described 
a rhyolitic tuff breccia as the most distinctive and widespread member of the Pliocene Danforth 
formation. Recent field work strongly suggests the lithologic and stratigraphic identity of these 
rhyolites and thus provides a direct correlation of the Danforth and Rattlesnake formations. This 
Rattlesnake-Danforth rhyolitic tuff breccia exhibits shard textures and collapse structures; it con- 
tains in most places angular fragments and blocks of pumice, ranging up to 1 foot in size; with it 
a more massive and often strikingly spherulitic rhyolite is commonly, although not everywhere, 
associated. The tuff breccia may once have covered some 5000 square miles and may have involved 
as much as 20 cubic miles of siliceous lava. 


FLUOBORITE FROM SAN BERNARDINO COUNTY, CALIFORNIA 


Charles W. Chesterman and O. E. Bowen, Jr. 
California Division of Mines, San Francisco, Calif. 


Fluoborite, the magnesium fluoborate, has been found at the Hope uranium prospect in the 
Bristol Mountains, near Amboy, San Bernardino County, California. The fluoborite has formed 
at the contact between nordmarkite and dolomite and occurs associated with forsterite, fluorite, 


* Presented with the permission of Humble Oil & Refining Company 
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clinohumite, diopside, tremolite, calcite, dolomite, brucite, serpentine minerals, magnetite, urano- 
phane, beta uranotil, and an unidentified uranium-yttrium mineral. The fluoborite crystals are 
fibrous and usually clustered in parallel groups or felted aggregates. The purest samples of the mineral 
are creamy white. Less pure samples range from pale purple to dark purple; the color depends upon 
the amount of finely divided, purple fluorite present. 

The theoretical composition of the fluorine end member of the fluoborite series is: F = 30.20, 
MgO = 64.07, B.O; = 18.44, HO = 0.00, and O = F = 12.71. Chemical composition 
of the fluoborite from San Bernardino County, California, extrapolated from refractive indices 
in which o = 1.536 ande = 1.510, is: F = 21.1, MgO = 64.7, B.O; = 18.6, HO = 4.4, and O = 
F = 8.8. This analysis indicates about 70 per cent of the fluorine end member. Oscillation pattern 
of a single crystal fragment gave an identity distance along the fiber axis of about 3.1 A. 

Mineralogy of the contact zone indicates the following sequence of metasomatism: (1) early 
phase, formation of the calcium-magnesium minerals; (2) middle phase, formation of the fluorine- 
boron minerals; and (3) late phase, formation of the uranium-bearing minerals and late fluorite. 


LARGE FAULT SYSTEM IN THE WESTERN SIERRA NEVADA 


Lorin D. Clark 
U. S. Geological Survey, Menlo Park, Calif. 


A large fault system is the dominant structural feature of the western Sierra Nevada 
The steeply dipping to vertical faults trend northwesterly through an area about 200 miles long and 
30 miles wide west of the Sierra Nevada batholith and north of 37° 30’ N. Lat. The total extent 
of the fault system is obscured by younger rocks; it is probably not limited to the Sierra Nevada. 
Faults are marked by belts as much as 3 miles wide of recrystallized and cataclastically deformed 
rocks and by truncated folds. Along one of the faults, rocks of Late Jurassic age are juxtaposed 
against rocks of Paleozoic age for at least 100 miles. Configuration of the fault system and the re- 
lation of some horses in fault zones to exposures of similar rocks outside fault zones suggest, but 
do not prove, that displacement is left lateral strike slip. The amount of displacement is probably 
measurable in miles, but the total net displacement is unknown. Major faults cut beds of Late 
Jurassic and Paleozoic age and are in turncut by plutonic rocks of probable Late Juras- 
sic and middle Cretaceous age. Faults that controlled deposition of quartz veins and gold ore bodies 
of the Mother Lode belt are younger and structurally less important features superimposed on one 
of the fault zones of the large system. 


NATURAL OCCURRENCE OF GALENA-CLAUSTHALITE SOLID-SOLUTION 
SERIES 


R. G. Coleman 
U.S. Geological Survey, Menlo Park, Calif. 


A study of the sulfides associated with the vanadium-uranium deposits of the Colorado Plateau 
has revealed that a complete natural solid-solution series exists between galena (PbS) and claus- 
thalite (PbSe). Twenty analyzed samples range in composition from 0.04 to 93.7 molecular per 
cent PbSe in PbS with a concomitant variation of the unit cell from 5.930 A to 6.127 A. A plot of 
these values using the ao = 5.936 A for PbS and a) = 6.140 A for PbSe indicates an 
almost straight-line variation of the cell edge between galena and clausthalite. Mineragraphic and 
X-ray study shows these minerals to be true solid-solution phases; exsolution of one end member 
in the other was not found. Semiquantitative spectrographic analyses indicate that the minor ele- 
ments in these sulfides are similar to those found in galena with some variations resulting from the 
environment of deposition. 
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INTERPRETATION OF FAULT-PLANE SOLUTIONS 


Allan Cox 
University of California, Berkeley, Calif. 


The geometry of fault-plane solutions shows a consistent pattern in many areas for which solu- 
tions are available. This pattern varies with depth of focus but is consistent between areas where 
similar focal depths predominate. A comparison between the observed geometrical patterns and 
corresponding known patterns of faulting permits a choice between the two most plausible explana- 
tions of the patterns found in the fault-plane solutions. This interpretation is in many cases simply 
related to the tectonics of the respective areas. 


RATE OF MARINE PLANATION AS SUGGESTED BY K/A DATES 


Garniss H. Curtis and Jack F. Evernden 
University of California at Berkeley, Calif. 


On the basis of K/A dates, both the Nevadan orogeny of Late Jurassic age and the Santa Lu- 
cian orogeny of Late Cretaceous age spanned periods of from 10 to 20 million years. In both orog- 
enies, strong deformation appears largely to have preceded granitic emplacement, possibly being 
confined to a period of 2 million years. Probably less than 5 million years following the youngest 
intrusions, marine sediments were being deposited on stripped granite. Some granites appear to 
have been emplaced within 25 miles of synchronously deposited marine sediments. In view of the 
probable thickness of material removed from above these intrusions (15,000-30,000 feet), degrada- 
tion occurred more rapidly than is generally conceived by geomorphologists. It is suggested that 
marine planation by advancing seas adjacent to subsiding basins was more important than sub- 
aerial erosion in destroying the batholithic cover. 


GEOLOGIC CONTROL OF MINERAL COMPOSITION OF SURFACE WATERS 
OF THE SOUTHERN COAST RANGES, CALIFORNIA 


G. H. Davis 
U.S. Geological Survey, Sacramento, Calif. 


Chemical analyses of waters of streams that drain the semiarid eastern slope of the southern 
Coast Ranges in California demonstrate that differences in the anion composition, especially in 
the ratio of bicarbonate to sulfate, are related to the lithology of the rocks exposed in the tributary 
drainage area. 

Where more than half the drainage area of a typical east-slope stream is underlain by clastic 
marine sedimentary rocks of Jurassic and Cretaceous age, bicarbonate generally predominates over 
sulfate; the ratio of bicarbonate to sulfate in samples of the low flows of the streams ranges from 
0.8 to 6. Conversely, where more than half the drainage area is underlain by marine and continental 
deposits of Tertiary age and continental deposits of Quaternary age, sulfate predominates over 
bicarbonate, and the ratio of bicarbonate to sulfate in samples of the low flows ranges from 0.02 
to 0.7. 

Organic siliceous marine shales of Tertiary age deposited in a reducing environment are con- 
sidered to be the primary source of sulfate in the region. Secondary deposits of sulfate minerals, 
chiefly gypsum, abundant in the continental deposits of late Tertiary and Quaternary age, also 
contribute sulfate to the stream waters. 
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DETERMINATIONS OF THE ENERGY IN BODY AND SURFACE WAVES 


John De Noyer 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


The energy in body and surface waves of several shallow-focus earthquakes has been obtained 
by integration of seismograms. The energy in Love and Rayleigh waves was estimated by consider- 
ing these waves to be propagating on the surface of a medium consisting of a homogeneous half 
space overlain by a layer of differing elastic properties. Body waves were considered in distance 
ranges where uncertainties in the angle of incidence and the ratio of ground amplitude to incident- 
wave amplitude is least. This restriction on distance limits the size of earthquakes that are ade- 
quately recorded on suitable instruments. Energy determinations for body waves were carried out 
for some earthquakes in the magnitude range from 634 to 8144. ” 

Numerical values obtained by the integration of seismograms indicate that there is no fixed ratio 
between the energy in surface waves and the energy in body waves for ‘“shallow-focus”’ 
earthquakes. Small variations in focal depth are very importani in this ratio since earthquakes 
resulting from large surface-fault breaks produce surface waves with a high proportion of energy. 
The energy in shear waves is usually greater than the energy in longitudinal waves. Integration of 
Rayleigh waves that arrived by long and short great-circle paths suggests that there may have been 
over-emphasis placed on the extinction factor for Rayleigh waves. 


FAULTING IN CENTRAL LAKE COUNTY, OREGON 


Fred A. Donath 
School of Mineral Sciences, Stanford University, Stanford, Calif. 


Central Lake County, Oregon, lies in a broad north-south composite graben at the northern 
extremity of the Basin and Range province. The graben, which contains the basins of Summer and 
Abert lakes, is approximately 60 miles long and 40 miles wide, but narrows considerably to the 
south. The lava plains constituting its floor have been intricately faulted to form horsts, graben, 
and tilted fault blocks. These features have been little modified by erosion. 

A fault map of the northwest quarter of the composite graben has been made from field data 
and aerial photographs. The faults are in two principal sets—one striking approximately N. 35° W., 
the other N. 25° E.—to form a well-defined rhombic pattern. The angle between these two sets 
suggests conjugate shears related to a vertical intermediate principal-stress axis. Such an orienta- 
tion of principal-stress axes would result in strike-slip movement on the shears. However, each set 
is characterized by normal-fault scarps with no visible evidence of strike-slip movement subse- 
quent to the normal faulting. In normal faulting the intermediate principal-stress axis is horizontal. 

A discrepancy thus exists between the inferred orientation of stress axes as determined by the 
fault pattern and the orientation as determined from the nature of the faulting. One possible ex- 
planation is that the pattern developed in one stress system and that the normal faults developed 
later in another. The normal faults thus utilized fractures which had been formed in an earlier de- 
formation. 


SOME PROPERTIES OF THEORETICAL DISPERSION CURVES FOR 
RAYLEIGH AND LOVE WAVES ON A CONTINENTAL CRUST 


James Dorman and Jack Oliver 
Lamont Geological Observatory, Columbia University, Palisades, N. Y. 


The IBM 650 high-speed computer of the Watson Scientific Computing Laboratory, Columbia 
University, has been programmed to obtain numerical solutions for the three-layer Love-wave prob- 
lem and the n-layer Rayleigh-wave problem, where m may be any integer less than 24. Surface- 
particle motion is also obtained for Rayleigh waves. 
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Theoretical curves are presented to illustrate the dispersive properties of various models of the 
continental crust. It is found in cases of similar parameters that the shifts in period produced by 
small changes in parameters are approximately proportional in all modes of Love and Rayleigh 
waves computed. The contrasts and similarities in the behavior of Love and Rayleigh wave curves 
are illustrated. No prograde particle motion at the surface exists in any of the crustal models ex- 
amined. 


EOCENE STRATIGRAPHY OF THE HOKO RIVER AREA, OLYMPIC PENINSULA 


Warren S. Drugg 
University of Washington, Seattle, Wash. 


The Lower Tertiary of the Hoko River area was studied during the summer of 1956. The micro- 
fauna from the Solduc formation suggests that it is Late Eocene to Early Oligocene in age and was 
deposited in waters of bathyal depth. The Solduc is in contact with, and has possibly been overthrust 
by, the Lower Eocene Metchosin volcanics. 

The Metchosin volcanics grade upward into volcanic sandstones lithologically and faunally similar 
to the Crescent formation at Crescent Bay. This constitutes the most westerly occurrence of these 
rocks to date. They are correlated on mega- and microfaunal evidence with the Lower Eocene or 
Capay portion of the Llajas of California. The Crescent beds were deposited in warm, shallow waters. 

In fault contact with the Crescent beds is the Upper Eocene Boundary shale. The siltstones of 
this unit grade upward into the Lyre conglomerate of the same age. These beds are correlated on 
microfaunal evidence with the Kreyenhagen, Tejon, and Cowlitz formations. They were deposited in 
waters of neritic to upper bathyal depths. 

Siltstones and sandstones of the “Lincoln” formation conformably overlie the Lyre. The lower 
portion has Upper Eocene faunal affinities. The lowest Oligocene was found 1365 feet above the top 
of the Lyre in the “Lincoln” formation. The lower “Lincoln” was deposited in waters of upper bathyal 
depth. 

Some changes in stratigraphic nomenclature and age relationships are suggested. 


SOIL CONDITIONS AND EARTHQUAKE DAMAGE IN THE MEXICO EARTHQUAKE OF 
JULY 28, 1957 


C. Martin Duke and David J. Leeds 
University of California, Los Angeles, Calif. 


A report is given of observations of the effects of soil conditions on damage in Mexico City and 
Guerrero State in the earthquake of July 28, 1957. An isoseismal map is presented which identifies 
anomalies in intensity distribution which appear to be closely related to local geology and soil condi- 
tions. Comparison is made between Mexico City 170 miles from the epicenter, founded on the deep 
alluvium of Lake Texcoco, and several cities and villages 60 miles from the epicenter, founded on 
firmer deposits or granite. 

Mexico City suffered Modified Mercalli intensities of VII and IV, respectively, in that portion of 
the lake-bed area containing tall buildings and on the more compact formations. Of the several cities 
60 miles from thé epicenter, all suffered intensity V or less except Chilpancingo, where the intensity 
was VII to VIII. Chilpancingo rests on deep unconsolidated deposits, while the other places are on 
rock or shallower unconsolidated deposits. 


JOINT OCCURRENCE OF DENDRASTER AND SCUTELLASTER [ANORTHOSCUTUM) 


J. Wyatt Durham and Jack A. Wolfe 
University of California at Berkeley, Calif. 


About 35 years ago both W. S. W. Kew and Bruce Martin reported that species of the echinoid 
genus Dendraster and the genus now known as Scutellaster occurred in association in the Purisima 
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formation of Pliocene age. This record has not been verified in recent years, and we have been unable 
to locate the specimens on which it was based. 

In the fall of 1957 specimens of Scutellaster [Anorthoscutum] oregonensis quaylei (Grant and Hert- 
lein) were found in association with Dendraster gibbsit (Rémond) in the uppermost beds of the Jaca- 
litos formation in its type section near Coalinga, California. The locality is along the south bank of 
Jacalitos Creek, in the SE 14 of sec. 31, T. 21S., R. 15 E., due south of the benchmark with 929 feet 
elevation and is stratigraphically just below a thin lignitic seam that is about 200 feet below the blue 
sandstone marking in the local base of the Etchegoin formation (restricted). By inference the lo- 
cality falls within the Chione elsmerensis “zone” of Nomland. Specimens of Patinopecten lohri 
(Hertlein) and Opalia varicosiata Stearns, together with other mollusks and abundant Dendraster 
gibbsii, occur in a bed perhaps 100 feet higher. 

The type locality of Scutellaster oregonensis quaylei [Dendraster (Calaster) oregonensis gibbosus 
Kew] is near Shively, Humboldt County, California, and falls within Martin’s (1916) “ower division” 
of the Wildcat group. According to Ogle (1953), this locality is probably in his lower Rio Dell forma- 
tion which he correlates with the Pico formation of the Los Angeles and Ventura basins and the 
upper Purisima formation of the coastal area south of San Francisco. 

Woodring and Stewart in the Kettleman Hills paper (1941) consider that Martin’s “lower fauna” 
is probably all younger than the Jacalitos formation, but this joint occurrence of the two echinoids 
suggests either that the ages of these units overlap slightly or that the range of Scutellaster oregonensis 
quaylei is great enough to span the interval from the upper part of the “lower” into the “middle” 
Pliocene. 


MODAL ANALYSIS OF MEDIUM- AND COARSE-GRAINED ROCKS 


Donald O. Emerson 
University of California at Davis, Calif. 


Adequate sampling is the major problem in the modal analysis of the coarser-grained rocks, and a 
standard thin section is not large enough to represent a rock with a maximum grain size of more than 
3 mm. In order to obtain a larger area and avoid the added expense of duplicate thin sections a 
smooth surface is cut on a hand specimen. Then, after etching and staining, a mode is determined by 
the use of a special stage. : 

The stage adapted for this purpose is a standard dual cross-feed milling table with a maximum 
movement that can handle a sample with an area of 49 square inches. A spring which produces an 
audible click for each 0.1 inch of translation is added to the cross-feed screw, and, as a reference point, 
a small glass plate with engraved cross hairs is mounted on an arm so that it may be adjusted to 
ride over the surface of the sample. 

The precision of this macro point counting was determined by duplicate counts of a granitic rock 
with a maximum grain size of about 10 mm. It was found that modal percentages of the major min- 
erals could be reproduced within 3 per cent. This precision is quite sufficient considering the fact that 
four samples of this same rock taken from one outcrop and within 5 feet of each other showed vari- 
ations of up to 10 per cent. 

By macro point counting a sufficient area reliable modal mineral percentages can be determined 
for the coarser-grained and porphyritic rocks. 


BEAT DEVELOPMENT IN SURFACE WAVES 


Jack F. Evernden 
University of California, Berkeley, Calif. 


The surface waves from distant South Pacific earthquakes often show well-developed beats. Anal- 
ysis of these beats, based on an extension of generally used group-velocity theory, indicates that 
they are subject to quantitative interpretation. The general conclusions to be drawn at this time are 
that aftershocks, as they affect recorded motions, are more frequent than reported in epicenter lists, 
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that characteristics of source areas (both in time and space) should be easily detected by azimuth 
studies, and that observed period changes as a function of distance must be subject to quantitative 
explanation. 


POTASSIUM-ARGON DATES FOR THE INTRUSIVES OF NORTHERN AND CENTRAL 
CALIFORNIA 


J. F. Evernden, G. H. Curtis, and J. Lipson 
University of California at Berkeley, Calif. 


Ten intrusive rocks from the high Sierra Nevada, five from the foothills of the Sierra Nevada and 
the Klamath Mountains, and six from the Central Coast Ranges have been dated by the potassium- 
argon method. These dates, together with those of four glauconites and seven detrital biotites, suggest 
the following conclusions: 

(1) The Sierra Nevada area has been affected by two distinct orogenies, one in the Late Jurassic 
(Nevadan) and the other in the Late Cretaceous (Santa Lucian). 

(2) The Jurassic era is at least 40 million years in duration, rather than the 25-30 suggested by 
Holmes. 

(3) The Coast Range quartz diorites are of Late Cretaceous age, and the detrital material com- 
posing the Cretaceous sediments east of the San Andreas fault came from landmasses of Late Jurassic 
and Cretaceous age, not from an ancient (pre-Jurassic) terrain. These data and available stratigraphic 
evidence become coherent if strike-slip movement of 350 miles has taken place along the San Andreas 
fault in the last 80 million years. 


POTASSIUM-ARGON DATES FOR TERTIARY ROCKS OF CALIFORNIA, NEVADA, AND 
THE GULF COAST 


J. F. Evernden, G. H. Curtis, and J. Lipson 
University of California at Berkeley, Calif. 


The first results of attempting to date a closely controlled series of excellent samples indicate that: 

(1) Exposure of glauconite to surface conditions generally results in alteration (argon loss?) of the 
material so that the indicated age is too young. 

(2) Glauconite obtained from cores gives more reliable ages. 

(3) A reasonable age breakdown of the Tertiary can be made on the basis of the glauconite and 
biotite dates reported; 7.e., base of Tertiary 55-60 m.y., top of Eocene 35 m.y., top of Oligocene 26 
m.y., top of Miocene 11-12 m.y., top of Pliocene less than 1 m.y. 


STRUCTURAL GEOLOGY OF A PART OF THE CENTRAL CASCADE MOUNTAINS, 
SNOQUALMIE AND MT. STUART QUADRANGLES, WASHINGTON 


Robert J. Foster 
Mentana State College, Bozeman, Mont. 


The central Cascade Mountains are composed largely of Tertiary continental and volcanic rocks. 
In the area mapped, an east-dipping reverse fault through Lake Kachess separates two Tertiary 
stratigraphic sections of the same general age. This fault cuts Eocene rocks and is older than the 
post-Oligocene (?) Snoqualmie granodiorite. 

East of the fault, the Swauk arkose unconformably covers pre-Tertiary peridotite and Easton 
schist. The Swauk is folded along northwest trends that become almost east-west south of Mt. Stuart. 
This change in trend, and the local origin of some of the Swauk, suggests that Mt. Stuart was high 
during early Tertiary time. Locally andesitic volcanic rocks lie above the Swauk. The conformable 
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sequence of Teanaway basalt and Roslyn arkose lies unconformably above the Swauk and is deformed 
into a broad basin. The nearly horizontal Yakima basalt unconformably overlies the earlier rocks. 

West of the Kachess fault the structures are more complex. The oldest rocks are marbles and 
limy hornfelses overlain unconformably by the Guye formation sediments. Unconformably above the 
Guye is an extrusive rhyolite followed by the tightly folded sediments and basalts of the Naches 
formation. The Keechelus andesite is mildly deformed and overlies the Naches unconformably. The 
Snoqualmie granodiorite intrudes all the formations in the western area. 

Fossils are rare in these continental rocks. The Roslyn is probably middle or upper Eocene on the 
basis of a few vertebrate remains. Fossil leaves suggest that the Swauk and Guye formations are 
Paleocene or Eocene and that the Naches formation is Eocene. 


LATER PRECAMBRIAN OROGENIC BELT OF THE EASTERN CANADIAN SHIELD 


Gordon Gastil 
University of California at Los Angeles, Calif. 


A line paralleling the “Grenville front’? irom Lake Huron northeast to Lake Mistassini, thence 
northeast to southwest Labrador, thence north within the eastern “Labrador trough” to Ungava 
Bay, divides the eastern Canadian Shield into two geologic provinces and marks the western limit of 
an orogenic belt equivalent in magnitude to the Cordilleran and Appalachian systems. 

The writer believes the region east of this line underwent orogeny which culminated about one 
billion years ago, whereas the region west of this line has not suffered regional metamorphism or 
severe deformation for a considerably greater period. Bedded rocks more than one billion years old 
remain unmetamorphosed west of this line but are moderately to highly metamorphosed east of it. 
As an example, the distinctive sedimentary strata of the Labrador trough cross the line showing, as 
i253 long been suspected, that the rocks lying within the “orogenic province” are in part the meta- 
morphosed equivalents of unmetamorphosed rocks west of it. 

The “orogenic province,” including the Grenville subprovince and the area east of the Labrador 
trough, roughly parallels the continental outline of northeastern North America. The orogenic axis 
parallels a linear later Precambrian sedimentary basin which collected stable-shelf and miogeosyn- 
clinal sediments along its western margin, and volcanic eugeosynclinal strata in its more easterly 
portions. Coincident with deposition, metamorphism, and deformation basic magmas were extruded 
as lava and intruded to form hypabyssal and plutonic rocks. Alkali migmatite-gneisses are wide- 
spread, but granodioritic batholiths characteristic of younger orogenic belts are noticeably scarce. 


ARCHAEOCYATHA FROM THE COLVILLE AND SALMO AREAS OF WASHINGTON 
AND BRITISH COLUMBIA 


Robert G. Greggs 
University of British Columbia, Vancouver, British Columbia 


In 1948 and 1950 Dr. H. Little of the Geological Survey of Canada collected Archaeocyatha from 
the Lower Cambrian outcrops of Colville, Washington, and Salmo, British Columbia. These collec- 
tions were later supplemented by Dr. V. J. Okulitch with fossils from the same localities. 

The Archaeocyatha of the Salmo area occur in a narrow band of limestone in the basal Laib 
formation. Those of the Colville area, Washington, were found in an outcrop of Old Dominion lime- 
stone. Numerous species are present in both localities, and two new species are described: Ethmo- 
phyllum lineatus from the Laib formation and Syringocnema colvillensis from the Old Dominion 
limestone. 

The species Archaeopharetra typica, Monocyathus sp., and Claruscyathus solidus are reported for 
ea ag time from North America. Claruscyathus solidus is particularly abundant at the Colville 
locality. 
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ATTENUATION OF SEISMIC WAVES IN THE EARTH’S MANTLE 


B. Gutenberg 
Seismological Laboratory, California Institute of Technology, Pasadena, Calif. 


Previous investigations of earthquake records indicate that, in body waves, periods of a fraction 
of 1 second prevail near the source and in waves travelling through the earth’s crust the periods 
increase with distance. It is found now that at distances beyond 20° S waves rarely show periods of 
less than 4 seconds, while periods as small as 1 second are recorded in direct P waves as far as these 
exist. At distances from 20° to 100° periods of P and of S do not change noticeably. The absorption 
coefficient for amplitudes of P, PP, and S in the mantle below about 300 km depth and of P’ through 
the core is about 0.06 per 1000 km regardless of the wave period. This result contrasts with those 
from laboratory experiments and from findings for surface waves which all indicate that the absorp- 
tion coefficient is approximately proportional to //T. Thus, attenuation processes below300 km depth 
differ from those in the crust. Effects of irregularities in the structure of the crust and of low-velocity 
channels in the upper 200 km of the earth on the amplitudes of P and S are much greater than ab- 
sorption effects and prevent investigation of the absorption in the upper portion of the mantle. 


SPECTRUM OF P AND S IN RECORDS OF DISTANT EARTHQUAKES 


B. Gutenberg 
Seismological Laboratory, California Institute of Technology, Pasadena, Calif. 


In records of earthquakes from distances between 20° and 100°, written at Pasadena by instru- 
ments with different characteristics, body waves usually show several distinct small ranges of periods 
T corresponding to wavelets with relatively large amplitudes a, arriving simultaneously. In P, there 
are usually between one and three wavelets with periods of between 1 and about 7 seconds for which 
a/T has its largest values. For wavelets with periods between 7 and 30 seconds the largest values of 
a/T decrease with increasing JT. In PP, the corresponding decrease in the largest values of a/T 
begins for wavelets with T = 12+ seconds. In S, two or three wavelets with periods between 4 and 
20 seconds show about equal maxima of a/7; if T increases beyond 20 seconds, maxima of a/T de- 
crease. These results are not affected by focal depth or epicentral distance. In P, PP, and S, wavelets 
with different periods arrive simultaneously within observational limits, while in PK/KP the largest 
wavelets with periods near 1 second arrive up to 20 seconds earlier than the largest wavelets with 
periods of 6 or more seconds. Relatively long duration of short-period P waves may result from 
scattering, as suggested by Tatel. For magnitude determinations, P waves with periods of more than 
10 seconds and S waves with periods of more than 20 seconds should be avoided. 


VELOCITY OF SEISMIC WAVES IN THE EARTH’S MANTLE 


B. Gutenberg 
Seismological Laboratory, California Institute of Technology, Pasadena, Calif. 


The earth’s mantle may be divided into four regions: (1) from the M discontinuity down to a depth 
of 200+ km with small changes in the velocities of P and S, which may have minima in this range; 
(2) from 200 to 950+ km with relatively rapid, fairly regular increase in velocity; (3) from 950 to 
2700+ km with smaller and less regular increase in velocity; almost straight-line portions of the 
travel-time curves and relatively small amplitudes in certain ranges of distance indicate that in at 
least two portions of this region the wave velocity increases relatively little with depth; (4) from 2700 
km depth to the core boundary with little change in the velocities which have probably maxima 
roughly 100 km above the core boundary. In region (2), where the velocity increase is too great to 
result from pressure alone and where changes of state and/or composition are suspected, the increase 
in velocity is more regular than in region (3), where the increase in pressure is frequently believed to 
be the only cause for the increase in velocity. 
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GASTROPOD GENUS CERATOSTOMA 


Clarence A. Hail, Jr. 
University of California at Los Angeles, Calif. 


The genus Ceratostoma was first recognized by Martyn in 1784, under the name Purpura. The 
International Commission on Zoological Nomenclature in Opinion 456, dated March 15, 1957, has 
rejected Martyn’s work as not available. Hence an alternative name—Ceratostoma Herrmannsen 
1846—for this distinctive gastropod group has been employed. 

The shallow-water genus has certain characteristics, such as three varices, foliations on the varices, 
and a tooth on the anterior portion of the outer lip, that are common to all the species. However, 
there are striking differences between two groups of species which may constitute separate sub- 
genera. One taxon includes C. nuitalli (Conrad, 1837), C. fournieri (Crosse, 1861), C. rorifluum 
(Adams and Reeve, 1850), and C. monoceros (Sowerby, 1841); the other is C. foliatum (Gmelin, 
1791), C. burnetti (Adams and Reeve, 1850), C. delorae Hall, 1958, C. nanna (Nomland, 1917), C. 
perangulatum (Nomland, 1916), C. turris (Nomland, 1916), C. plorator (Adams and Reeve, 1850), 
and C. esychus (Dall, 1925). The first group commonly occurs in warmer waters (12°-19°C.), the 
latter in cooler (2°-15°C.). The varices of the species in the first taxon are commonly less frilly 
and the shells are more nodose than those of the second group. 

The middle Miocene species, Cera/ostoma delorae, occurs with a warm- or warm-temperate-water 
fauna, its Pliocene relatives, C. perangulator and ©. iurris, with a temperate-water fauna, and its 
Pleistocene and Recent relatives, C. foliatum and C. burnetti, with a cold- to temperate-water fauna, 
suggesting the gradual adaptation of this group to cooler water. 


STRUCTURE OF THE CENTRAL MECCA HILLS, RIVERSIDE COUNTY, CALIFORNIA 


William H. Hays 
4415-Fifth St., Riverside, Calif. 


The Mecca Hills are a few miles north of the Salton Sea, in central-southern California. 

The complex late Cenozoic section in the central part of the Hills has a maximum aggregate thick- 
ness of roughly 8000 feet. The sedimentary rocks and sediments are continental and clastic and are 
generally arkosic. The oldest are probably latest Pliocene or early Pleistocene. The section is 
divided into four new formations, separated by surfaces of nonconformity. 

Oblique-slip faults trending north or northwest dominate post-Pliocene deformation. The dip- 
slip components are inconsistent in sense; the strike-slip components are consistently right-handed. 
Drainage offsets suggest several thousand feet of right-handed movement on the San Andreas fault, 
and there are stratigraphic hints of larger movement of this type. Intense subsidiary deformation 
suggests that this fault has been repeatedly active since Pliocene time and that some movements 
included a thrust component. 


FURTHER MODEL STUDY OF RADIATION PATTERN FROM FAULTS 


John H. Healy and Frank Press 
California Institute of Technology, Seismological Laboratory, Pasadena, Calif. 


Press’ reported experiments on radiation from a dipole source in a plexiglass sheet showed anoma- 
lous results for shear waves when a slit was present between the elements of the dipole. Four nodes 
occur, spaced +25° from the two nodes predicted by simple dipole theory. 

Further work is in progress to study this phenomenon in three dimensions and to determine the 
cause. A plaster of paris hemisphere was used to study the three-dimensional propagation. The first 
model was too small to determine accurately the radiation pattern for shear waves but did demon- 
strate that the phenomenon of anomalous shear waves was three dimensional. 

To study the effect of a slit of the dipole radiation, a long slit was cut in a sheet of plexiglass, and a 
source was mounted a sufficient distance from the end of the slit so that the Rayleigh waves were the 


1688 ABSTRACTS 


only phase reaching the end of the slit with significant amplitude. The data show an efficient con- 
version of Rayleigh waves to shear waves at the end of the slit. The first motion of the resulting 
shear waves is correct to explain the anomalous propagation in the two-dimensional model. 


CLASSIFICATION OF FAULTS, AN ADDENDUM 


Mason L. Hill 
Richfield Oil Corporation, Los Angeles, Calif. 


The separation based (apparent relative movement) fault classification (Hill, 1947, Amer. Assoc, 
Petrol. Geol., vol. 31, p. 1669-73) has been partially misused. A complementary classification, based 
on slip (actual relative movement), is obviously needed, and now proposed. These two sets of fault 
names are as follows: 


Apparent relative Actual relative 
movements Faults movements Faults 
Dip separations Normal Dip slips Normal-slip 
Reverse Reverse-slip 
Thrust Thrust-slip 
Strike separations Right-lateral Strike slips Right lateral-slip 
Left-lateral Left lateral-slip 
Dip and strike separa- Named after principal Oblique slips Named after principal 
tions separation or com- slip or combined 
bined term term (e.g., reverse 


left lateral-slip) 


Use of this dual classification can eliminate confusion between separation and slip (the two impor- 
tant classificatory characteristics of faults). When the word “slip” is in the fault name it shows that 
at least the approximate sense of this most significant characteristic of the fault has been determined. 
Under this system the geologist has to admit he has no information on the actual relative movement 
(the usual situation) or obtain evidence to allow use of the slip terminology. 


GEOLOGY OF THE IBEX AREA, MILLARD COUNTY, UTAH 


Lehi F. Hintze 
Brigham Young University, Provo, Utah 


More than 300 square miles, just west of Sevier Lake and south of new U. S. Highway 6, was 
mapped by members of the 1956 BYU geology summer camp. Upper Cambrian to Devonian marine 
sediments include the following formations: Weeks and Orr formations undifferentiated (1800 feet), 
Dunderberg shale (100 feet ?), Notch Peak limestone (1500 feet), House limestone (500 feet), Fill- 
more limestone (1500 feet), Wahwah limestone (225 feet), Juab limestone (150 feet), Kanosh shale 
(550 feet), Lehman formation (200 feet), Swan Peak quartzite (250 feet), Crystal Peak dolomite 
(85 feet), Eureka quartzite (540 feet), Fish Haven dolomite (700 feet), Laketown dolomite (1100 
feet), Sevy dolomite (1500 feet), and Simonson dolomite (900 feet plus, top not exposed in area). 

Tertiary dacite flows overlie the Paleozoic rocks with angular unconformity and in turn are suc- 
ceeded by interbedded tuffs and fanglomerates. Remnants of the fanglomerates, scattered widely on 
tops of hills south of the House Range, include exceptionally large boulders of Eureka quartzite 
which have been variously interpreted as representing an Ordovician unconformity or a Laramide 
thrust sheet. The anomalous present position of these fanglomerates is a result of post-fanglomerate 
normal faulting. 

Structure within the area is broadly synclinal with generally low dips; normal faults have caused 
typical Basin and Range topography. Bonneville and Alpine shore lines are present. No evidence for 
thrust sheets was found. 
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GEOLOGY OF THE HOUSE RANGE, MILLARD COUNTY, UTAH 


Lehi F. Hintze, Keith Powell, and Keith Hanks 


Geology Department, Brigham Young University, Provo, Utah 


1689 


The House Range, long famous from Walcott’s description of its Cambrian stratigraphy, was 
mapped by students of the Brigham Young University Geology Department in 1957. Units mapped 


and measured were: 


Quaternary 


Tertiary 


Ordovician 


Upper Cambrian 


Middle Cambrian 


Lower Cambrian 


Feet 
Alluvium 
Lake Bonneville deposits 
Fanglomerates 0-100 
Basalt dikes 
Painter Spring intrusive 
House limestone 475 
Notch Peak limestone 1719 
Dunderberg shale 246 
Orr formation 1299 
Weeks limestone 1117 
Marjum limestone 1703 
Wheeler shale 303-538 
Swasey limestone 64-289 
Condor shale 109-120 
Dome limestone 121-330 
Burnt Canyon limestone 148-260 
Burrows limestone 263-370 
Millard limestone 134-317 
Busby formation 122-220 
Pioche shale 238-314 
Prospect Mountain quartzite 2177+ 


Structurally the House Range is a tilted fault block with a gentle eastward-dipping backslope and 
a steep west-facing escarpment along a fault zone with a stratigraphic throw of more than 12,000 
feet. Marjum Pass, developed on the weak Wheeler shale, divides the range into two units of some- 
what different structure and stratigraphy. North of Marjum Pass, Lower and Middle Cambrian 
units are broken into several large blocks by southeasterly trending strike-slip fauits which transect 
the range. Numerous minor fault sets are associated with these major transverse faults. South of 
Marjum Pass the Upper Cambrian units have been invaded and contact-metamorphosed by the 
pre-fault Painter Spring granitic stock. Major transverse faults are absent in the southern half of 
the range; no thrust faults were found in any part of the range. Low-grade tungsten deposits roof the 
'ntrusive; other mineralization is slight. 


ENGINEERING GEOLOGY OF THE SACRAMENTO-SAN JOAQUIN DELTA AREA 


CALIFORNIA 


C. P. Holdredge and Cole R. McClure, Jr. 


Corps of Engineers, Sacramento District, Sacramento, Calif. 


The Sacramento-San Joaquin Delta is located in west-central California where the Sacramento, 
Cosumnes, Calaveras, Mokelumne, and San Joaquin rivers converge. This so-called Delta area was 
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originally a swamp cut by numerous sloughs and channels. These waterways have long been used for 
navigation. The islands between the channels, which are largely below sea level, have been exten- 
sively reclaimed for agriculture by means of levees. Flood control, salinity control, and the conserva- 
tion of fresh water for export southward have become problems, and several barrier control schemes 
have been proposed. Many other engineering works have been constructed or planned. 

The entire area is underlain at depth by marine Cretaceous and Tertiary rocks. These are overlain 
by about 1800 feet of nonmarine clays and sands of late Miocene to possibly Pleistocene age. Over 
these is 100 feet or more of sands and organic clays and silts of Pleistocene to Recent age, commonly 
referred to as peat. The channels are floored with transient deposits of silt and sand. 

The peat deposits present the most serious problems, for they are not satisfactory as either founda- 
tion or fill materials. Moisture content has been found to be as high as 700 to 800 per cent with 
100 per cent and over common. Dry densities have been found as low as 8 pounds per cubic foot 
with densities below 60 pounds common. Consolidation characteristics are poor since these materials 
release their excess moisture slowly. 


EFFECT OF TORSIONAL OSCILLATIONS ON EARTHQUAKE STRESSES 


George W. Housner and Hannu Outinen 
California Institute of Technology, Pasadena, Calif. 


A comparison is made between the maximum stresses induced by earthquake-excited vibrations 
of an unsymmetrical structure and those induced in a symmetrical structure. These stresses are com- 
pared with the commonly used equivalent static method of analysis, and it is shown that the static 
method underestimates significantly the magnitude of the maximum stresses. Although the maximum 
stresses are quite sensitive to changes in the relative rigidities of the walls, an energy analysis of the 
vibration problem shows that the relative rigidities are less important factors in determining the 
ultimate strength of the building. 


NUMERICAL SYSTEMS OF TERRACE NOMENCLATURE: A CRITIQUE 


Arthur D. Howard 
Stanford University, Stanford, Calif. 


A number of investigators in the Great Plains have assigned numbers rather than names to ter- 
races in sequence. Two principal schemes have been used: one, in which terraces are numbered from 
highest to lowest; the other, from lowest to highest. Confusion is to be expected when correlations 
are extended into intervening areas. Other defects in numerical systems of nomenclature result 
from (1) the inability to identify the flood plain in many valleys with certainty, (2) the use of differ- 
ent low datums, (3) variations in the number of terraces within individual valleys, (4) differences in 
interpretation of the age of valley fills, and (5) variations in the degree of refinement of terrace 
studies. It is concluded that numerical systems of terrace nomenclature lack merit and that names 
should be applied as in stratigraphic nomenclature. 

A binomial system is suggested consisting of a geographic name followed by one or more terms 
having genetic connotation such as strath terrace, fill terrace, stripped structural terrace, and kame 
terrace. If the genetic type is unknown, only the geographic name and the term “terrace” need be 
used. The terms “filltop” and “fillstrath” are suggested for the two principal types of fill terraces. 
The noncommittal term ‘‘dubial flat” is suggested for a surface that cannot be identified with cer- 
tainty asa flood plain or terrace. 


SOME OBSERVATIONS ON ROCK MAGNETISM 


Lynn G. Howell, Joseph D. Martinez, and E. H. Statham 
Humble Oil & Refining Company, Houston Research Center, Houston, Texas 


It seems that in general the plane of maximum magnetic susceptibility lies in the bedding plane 
for sediments and in the plane of foliation for metamorphic rocks; also, there is a tendency for the 
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remanent vector to lie in the plane of foliation in metamerphic rocks. In the case of chemical deposits, 
the question is raised as to whether the hematite crystal growth is controlled by the magnetic field. 
Since pure hematite crystals are paramagnetic along the ternary axis, the remanent vector lies in 
the basal plane perpendicular to this axis, which is both the plane of ferromagnetism and the plane 
of maximum susceptibility. We have investigated chemically deposited hematite in the Clinton iron 
ore of Silurian age. Although the remanent vector lies close to the plane of maximum susceptibility, 
unfortunately this plane is also the bedding plane. Several other hematite-bearing formations show a 
direction of magnetization close to the bedding plane. Measurements of magnetization and sus- 
ceptibility anisotropy of samples cooled below the transition temperature for hematite have been 
made with no conclusive results other than indications of the presence of hematite in some cases. 
Samples from the Hazel Formation (Precambrian) have been investigated. The planes of maximum 
susceptibility for this slightly metamorphosed red bed dip at various angles, and thus a system of 
microfractures containing magnetic material is suggested as a possible explanation. Pole locations for 
the Clinton iron ore and the Hazel are presented. 


ANALYSIS OF STRONG-MOTION ACCELEROMETER DATA FROM THE SAN 
FRANCISCO EARTHQUAKE OF MARCH 22, 1957 


D. E. Hudson and G. W. Housner 
California Institute of Technology Pasadena, Calif. 


The San Franclsco earthquake of March 22, 1957, was recorded simultaneously by accelerometers 
at five Coast and Geodetic Survey stations in the San Francisco area. Response-spectrum curves 
were computed from the acceleration-time records, and from these response-spectrum curves the 
spectrum intensities have been determined. From these spectrum intensities certain conclusions are 
drawn as to: (1) the effects of local geology on the recorded ground motions; (2) the calculation of 
total energy released by the earthquake from strong-motion accelerometer records; (3) possible 
influence of structural dynamic behavior on the accelerations recorded in building basements, and the 
relationship between basement accelerations and ground accelerations; and (4) the applicability of a 
simplified type of strong-motion earthquake instrument for investigations of local distribution effects. 
A general comparison is made between the present earthquake and typical Pacific Coast earthquakes. 


PHYLLITES WITH S;: NEAR DARRINGTON, NORTHWESTERN 
CASCADE MOUNTAINS, WASHINGTON 


Robert W. Jones 
University of Washington, Seattle, Wash. 


In phyllites of the upper valley of the North Fork Stillaguamish River, sz sometimes masks s; in 
outcrop and hand specimen. As used by Sander, s is planar schistosity, and the subscript numbers 
refer to the order in which the structures were formed. In these phyllites, s; is either relict bedding 
or crystallization foliation resulting from low-grade synkinematic metamorphism, and 5» is a post- 
crystallization fracture cleavage. The process of obliteration of s: by s: has been described by many 
workers. These phyllites are another example in which some vestiges of s; remain even in those rocks 
in which s2 is most strongly developed. Because either s; or sz can be the more conspicuous s surface 
and because the compositional banding can parallel either s; or sz, it is often not possible to differenti- 
ate the s surfaces in outcrop. The order of development of the s surfaces usually can be determined 
in thin section. 


REGIONAL GEOLOGIC MAPPING PROGRAM OF SOUTHERN PACIFIC COMPANY 


George A. Kiersch 
Southern Pacific Company, San Francisco, Calif. 


Perhaps the most ambitious geological mapping program ever undertaken by private capital is 
approaching the half-way point by Southern Pacific Company. Initially, some 22,000 square miles 


| 
2 
4 


1692 ABSTRACTS 


in California, Nevada, and Utah are being mapped at a scale of 1/24,000; 40-mile wide, regional 
strips of land grants cover checkerboard company holdings. Maps and geological data will guide 
long-range plans for land management. Potential mineral resources delimited by initial mapping are 
subsequently handled by other phases of the program. 

Mapping includes the standard techniques—aerial coverage and interpretation; uniformly screened, 
two-township topographic base maps; and appropriate “background” literature, scientific data, 
and historical company records. Mapping stresses “commodity-making” aspects of rocks; geologic 
formations are locally subdivided into maximum mappable units possible, on basis of physical 
properties. Overlay traverse maps prove invaluable for post-survey reference purposes. Where 
practical, reconnaissance mapping incorporates data from such indirect techniques as geophysical, 
geochemical, ground-water and stream analysis, detailed photo analysis, and interpretative map 
methods. 

A full geologic report is prepared on each township. Mineral resources are inventoried and classified 
as to immediate, future, and long-range worth. Ultimately, two-township maps will be compiled into 
“blocks” at reduced scale with accompanying geologic report; lists of resources by commodities 
will be prepared for industry-wide use. 

Areas of concealed bedrock in the Great Basin offer opportunities for delimiting “blind” targets 
for prospecting. Examples of geologic trends are cited to illustrate some areas of interest. 


RADIATION FROM A STRIKE-SLIP FAULT 


Leon Knopoff and Freeman Gilbert 
Institute of Geophysics, University of California, Los Angeles, Calif. 


Huygens’ principle has been stated for elastodynamics; the results have been applied to the prob- 
lem of the radiation resulting from the introduction of a tear fault of finite length into an otherwise 
homogeneous medium. The fault has the following properties: (1) it is a surface across which the 
normal stresses vanish; (2) it has a rectangular shape with one dimension increasing at a constant 
rate in the direction of faulting. The relative displacement on opposite sides of the fault is prescribed 
to be a step function of time. This configuration, by symmetry, may be imaged in the earth’s surface, 
so that the problem is reducible to that of a propagating strip fault of finite length in an infinite 
elastic medium. Two rates of faulting are considered; faulting at P-wave velocity and faulting 
at S-wave velocity. The motion at points in the plane of the earth’s surface is calculated. The events 
observed are the P- and S-waves from the two ends of the fault. 


ATTENUATION OF SMALL-AMPLITUDE STRESS WAVES IN SOLIDS 


Leon Knopoff and Gordon J. F. MacDonald 
Institute of Geophysics, University of California, Los Angeles, Calif.; Department of Geology and 
Geophysics, Massachusetts Institute of Technology, Cambridge, Mass. 


Evidence from experimental acoustics and experimental and observational seismology indicates 
that the specific dissipation function 1/Q for inorganic, nonferromagnetic solids is independent or 
very nearly independent of frequency and amplitude over a wide frequency range and for strains 
less than 10-5. Classical linear models of imperfections of elasticity, such as those involving internal 
viscosity, thermal losses, and scattering, predict that the specific dissipation function should depend 
upon an odd power of the frequency. It is shown that all linear partial differential equations of motion 
with constant coefficients will lead to specific dissipation functions depending upon an odd power of 
the frequency. Real solids thus show deviations from Hooke’s Law at infinitesimal strains that can- 
not be accounted for by any linear theory. A model is constructed based on the possibility of perma- 
nent deformation for infinitesimal strains that leads to an amplitude- and frequency-independent 
specific dissipation function. In this model the rate of permanent deformation depends upon both the 
elastic stress and the rate of elastic stress. The functional dependence of the rate of permanent de- 
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formation on the elastic stress and elastic stress rate is limited though not uniquely determined by 
the second law of thermodynamics. Solutions of the system of equations for plane longitudinal and 
transverse waves are given. The propagation of a pulse within the solid is investigated. 


Mz AND RAYLEIGH WAVES NEAR A POINT SOURCE 


John T. Kuo 
Stanford University, Stanford, Calif. , 


The simultaneous existence of Mz (or Sezawa waves) and Rayleigh waves near a point source has 
been experimentally verified. Field experiments were carried out on a uniformly thick layer of dry 
clay underlain by saturated clay of unknown thickness, corresponding to a high contrast of elastic 
constants between a solid layer and a solid half space. 

A frequency band from 1 to 30 cycles per second was used to cover the essential frequency spectrum 
of surface waves. This relatively restricted band eliminated body waves from the recordings. Two 
distinct surface waves, Mz and Rayleigh waves, immediately followed by the Airy Phase were identi- 
fied and correlated on those seismic records made at distances less than 100 feet from the point 
source. 

Observed surface-particle motion of M2 waves is elliptical and progressive, whereas that of Rayleigh 
waves is elliptical and retrograde, in agreement with the theory of Sezawa and Kanai. However, the 
elliptical-particle motion of the Mz waves shifts from progressive to retrograde with distance. This 
phenomenon agrees with Nagamune’s theory that surface-particle motion of Mz waves for both single- 
and double-layer cases can be retrograde and progressive for high contrast of elastic constants. 

The dispersion of both M2 and Rayleigh waves confirms the theories of Sezawa and Kanai, and 
others, for a limited range. Variations are attributed to differences in Poisson’s ratio, which in the 
present case is approximately 0.45 in both the layer and the half space. 


SOME GEOTHERMAL PROBLEMS IN THE ARCTIC 


A. H. Lachenbruch 
U.S. Geological Survey, Menlo Park, Calif. 


Some geothermal problems characteristic of the Arctic arise from the fact that the mean annual 
temperature of the land surface there is well below the freezing point of water. 

Even shallow bore holes in the Arctic are likely to be profoundly disturbed by the thermal effects 
of drilling because the drilling fluid is generally introduced well above 0°C. For large values of time, 
however, the thermal disturbance at any depth can be described by a two-parameter formula of the 
type proposed by Bullard, in spite of latent heat of thawing and refreezing permafrost. Drilling effects 
can be removed by use of such formulas, so that it has been possible to detect residual secular changes 
in natural earth temperatures as small as 0.01°C per year long before thermal equilibrium was re- 
stored. Such changes are evidently associated with the widely discussed “‘warming of the Arctic.” 

In moderate climates the effects of nonlinear heat flow resulting from temperature differences 
between bodies of water and adjacent land surfaces usually enter geothermal calculations only as 
small corrections in studies of the outward flux of earth heat. In the Arctic, however, such tempera- 
ture differences are so large that their effects can overshadow those of normal earth-heat flow. Studies 
of the effects of these large horizontal temperature differences hold promise of yielding new informa- 
tion about the chronology of post-Pleistocene climatic events and shoreline movements. 


PLEISTOCENE CAPYBARA FROM ARIZONA 
John F. Lance 
University of Arizona, Tucson, Ariz. 


Blancan fossils have been reported from several localities in lake beds in the Gila River Valley, 
Graham County, Arizona. Equus (Equus) teeth and a crushed capybara skull were recently found in 
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the uppermost exposures of the lake beds at the 111 Ranch, 12 miles southeast of Solomonsville. 
The horse indicates that deposition continued into Irvingtonian, or post-early Kansan time. Only 
an approximate location is known for the new fossils, but they are definitely from a conformable 
sequence that contains Nannippus teeth no more than 100 feet below the Equus. Plesippus and other 
Blancan fossils reported by earlier authors are from exposures topographically and probably 
stratigraphically lower than those at 111 Ranch. Two major erosion surfaces above the present flood 
plain have been cut on the Gila Valley lake beds. The magnitude of the erosional history suggests 
that the 111 Ranch fauna is no younger than Irvingtonian, and possibly correlative with the Curtis 
Ranch fauna. 

Other fossil capybaras in North America have generally been assumed to be of Rancholabrean 
age and to reflect climatic conditions similar to those required by the living genus, Hydrochoerus, 
now occupying the margins of lakes and streams in warmer parts of South America and Panama. 
The Arizona specimen is tentatively assigned to the extinct genus Veochoerus. If this extinct rodent 
was ecologically similar to the living form, warm and wet conditions are implied for southeastern 
Arizona during some part of Irvingtonian time. 


NEW MIOCENE FOSSIL LOCALITY FROM SOUTHWESTERN ARIZONA 


John F. Lance and Paul O. Wood 
University of Arizona, Tucson, Ariz. 


A new fossil locality 6 miles northeast of Wellton in southwestern Arizona contains fragmentary 
remains including a new species of the small Lower Miocene camel, S/enomylus, an unidentified 
larger camel, and heteromyid rodent teeth. The heteromyid teeth, according to R. W. Wilson, 
“seem to be Miocene and could be Arikareean.”’ Because the Stenomylus differs from described species, 
the fauna is assigned an Arikareean(?) age. 

No detailed mapping of the fossiliferous beds has yet been undertaken, but unpublished informa- 
tion: recently available suggests the possible significance of the dated deposits in regional geologic 
interpretation. The fauna is from the upper part of consolidated lake and flood-plain sediments, 
locally dipping as much as 60°, that have been determined by M. L. Rayner and W. R. Ashwill 
to be more than 4000 feet thick. According to field notes of E. D. Wilson, the thick sequence of 
andesite, rhyolite, agglomerate, tuff, and obsidian exposed in the Muggins Mountains north of the 
fossil locality lies with depositional contact on the Miocene beds. The volcanic rocks are similar to 
those forming a large part of several mountain ranges in southwestern Arizona. Also, according to 
E. D. Wilson, Precambrian(?) gneiss at the west end of the Muggins Mountains overlies rocks prob- 
ably correlative with the fossil beds along high-angle, reverse faults. 


AUTUNITE FROM MT. SPOKANE, WASHINGTON 


G. W. Leo 
U. S. Geological Survey, Menlo Park, Calif. 


An optical, chemical, and X-ray study of the coarsely crystalline autunite from the Daybreak 
mine, Mt. Spokane, Washington, has been completed. The autunite is commonly zoned from light- 
yellow margins to dark-green or black cores. Dark autunite from the inner zone has a higher specific 
gravity and higher refractive indices than the peripheral light material. X-ray-powder diffraction 
patterns from nine zoned samples show no significant variation in the d spacings of the light and 
dark autunite; however, uraninite was detected in all the dark zones. Determinations of uranium 
as UO, and UO; give values of 0.66-0.70 per cent UO: and 57.9-58.0 per cent UO; for the light 
autunite, whereas dark autunite shows a range (in seven determinations) of UO from 1.2 to 4.0 per 
cent and UO; from 55.1 to 58.8 per cent. The wide range of UO: values in the dark autunite is tenta- 
tively attributed to nonuniform distribution of discrete uraninite particles, which may also account 
for the dark color, greater density, and higher indices. 
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The optical properties of the three hydration states, autunite, meta-autunite I, and meta-autunite 
II, are compared with previously published data. Thermogravimetric and differential thermal- 
analysis data are presented. 


GRAVITY STUDY OF THE DEATH VALLEY REGION, CALIFORNIA 


Don R. Mabey 
U.S. Geological Survey, Menlo Park, Calif. 


A regional gravity survey has been conducted over approximately 6000 square miles in Death 
Valley, Panamint Valley, Saline Valley, Searles Lake Valley, the Leach Lake trough, and the moun- 
tain masses of the region. 

Broad regional Bouguer anomaly variations occur with anomaly values ranging from a low of 
—190 milligals in Saline Valley to a high of —70 in the Black Mountains. Local gravity lows produced 
by accumulations of rocks of Cenozoic age occur in all the major valleys. The gravity data indicate 
that the thickness of the Cenozoic rocks underlying Panamint Valley and Saline Valley varies from 
only a few hundred feet over large areas to several thousand feet in local deeps. Rocks of Cenozoic 
age several thousand feet thick underlie Searles Lake Valley. A gravity low indicating underlying 
Cenozoic rocks, several thousand feet thick, extends for about 100 miles along the Death Valley 
trough. Three areas of low-gravity closure occur within Death Valley. 

Several major faults within and bounding the valleys have gravity expression. Local gravity 
anomalies are associated with the Garlock fault along part of its extent. 


BORATE MINERALS FROM WEATHERING OF LATE TERTIARY BORATES IN THE 
FURNACE CREEK DISTRICT, DEATH VALLEY, CALIFORNIA 


James F. McAllister - 
U.S. Geological Survey, Claremont, Calif. 


Few borate minerals are produced by the weathering of massive colemanite and ulexite deposits 
in late Tertiary sedimentary rocks of the Furnace Creek district. In contrast, weathering of minor 
colemanite and priceite veins in local basaltic rocks forms a varied assemblage, including rare and 
new borate minerals. The massive colemanite and ulexite weather to form, under crusty slope 
detritus, layers of incoherent fine-grained ulexite and thenardite in variable proportions. Thenardite 
commonly occurs where borates are absent. Some of the new ulexite is distributed down slope as 
cottonballs in hillsides and alluvium. Meyerhofferite forms in some calcareous silty surficial debris 
overlying massive colemanite. 

Colemanite and priceite veins in olivine basalt and basaltic sandstone on weathering produce 
abundant ulexite and varied assemblages of the following borates, grouped teniatively in order of 
decreasing abundance: ginorite, paternoite(?), meyerhofferite; colemanite, two new calcium borates, 
sassolite; inyoite, hydroboracite, searlesite. These encrust, not replace, vein remnants and fill cavities 
in the matrix. All are fine-grained and colorless. 

The type of occurrence is new for many of these borates, which are commonly assumed to be 
limited to soffioni, thermal springs, or subsurface deposits. The sites are rain-soaked intermittently 
and well drained. Ground temperature on an ordinary summer day (June 2, at 48°C. air temper- 
ature in Death Valley, 1,500 feet lower) reaches 61°C. at 15 mm below the surface and 54°C. at 
40 mm. 
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PORTUGUESE BEND LANDSLIDE IN THE PALOS VERDES 
HILLS, SOUTHERN CALIFORNIA 


Richard H. Merriam 
University of Southern California, at Los Angeles, Calif. 


The Portuguese Bend landslide is an active portion of a much larger landslide area on the south 
side of the Palos Verdes Hills 25 miles south of Los Angeles. The area moving is roughly 190 acres 
and contained 150 homes. Property damage has been estimated at 10 million dollars. 

Sliding began in the summer of 1956. The average rate of horizontal movement increased to about 
0.09 foot per day in January 1957 and gradually decreased to Jess than 0.04 one year later when the 
maximum total horizontal movement was 33 feet. The main slip surface as defined by drill holes 
slopes approximately 6°. Sliding is facilitated by a plunging synclinal structure in Miocene shale 
(Altamira) with interbeds of altered tuff. 

An attempt to control the slide by the placement of 25 reinforced concrete caissons, each 4 feet 
in diameter and 20 feet long, was unsuccessful. Loading of the landslide toe is not feasible because of 
the small amount of upturn of the slip surface at the toe. Temporary stability existing before this 
sliding may have been disturbed by water from cesspools and lawns. 


REGIONAL THRUST RELATIONS OF THE WAH WAH 
MOUNTAINS, SOUTHWEST UTAH* 


Gerald M. Miller 
University of Washington, Seattle, Wash. 


Two large thrusts are present in the southern portion of the Wah Wah Mountains, southwest 
Utah. The lower thrust has brought a Paleozoic carbonate sequence of rocks ranging from Middle 
Cambrian through at least Mississippian over Jura-Triassic clastic sediments. The thrust is exposed 
along the eastern range flank in Blue Mountain and in several windows in the south-central portion 
of the range. The minimum horizontal displacement is 9 miles. The rocks of the thrust plate have 
been compressed into imbricate slices and overfolds displaying horizontal yielding to the southeast. 
The thrust is clearly post-Jurassic and may belong with the frontal Laramide thrusts developed at 
the eastern border of the Great Basin. 

The upper thrust has brought a Cambrian section beginning with Prospect Mountain quartzite 
over the Paleozoic carbonate rocks of the lower thrust plate. The upper thrust is exposed at the 
base of the upper plate Cambrian section near the south-central portion of the range. This same upper 
plate Cambrian section makes up the main part of the Wah Wah Mountains and continues north- 
ward into the House Range. Thus, the House Range, like the main Wah Wah Mountains, is pre- 
sumed to be in the upper plate of this thrust. The thrust is a westward extension of the Frisco thrust 
described by E. H. East in 1957. The root must lie west of the Wah Wah Mountains. The thrust is 
interpreted as a frontal breakthrough of the décollement described by Hazzard and Misch in 1953 
in the northern Snake Range. 


TURILARI, A BORAX CRYSTAL PLAYA DEPOSIT IN ARGENTINA 


Siegfried Muessig 
U.S. Geological Survey, Spokane, Wash. 


Turilari is a moist borate playa in the arid Altiplano of northern Argentina and lies in one of its 
intermontane basins. Quaternary lava flows are extensive, and mineral springs flank the basins; some 
springs have deposited ulexite around their orifices. 


* University of Washington thesis released with permission of Union Oil Company of California, 
Los Angeles, California 
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Turilari lies in a depression on Tertiary or Quaternary clastic deposits containing no borates. No 
springs occur in the depression. Borates occur in two beds in the upper 90 cm of the playa: in the 
upper 60 cm of fine ulexite containing euhedral borax crystals and in the lower 30 cm of massive 
green “clay” containing unoriented prismatic borax crystals, many zoned. Only the lower bed is 
considered here. 

The “clay” comprises: (1) —20 per cent sand—common rock-forming minerals; (2) —10 per cent 
silt—feldspar, calcite, dolomite; (3) —70 per cent clay—montmorillonite, dolomite, some calcite. 
Chemical analysis shows the “clay”’ contains: NaCl—7.4 per cent; Li,O—0.31 per cent; StCO—0.34 
per cent; As—0.10 per cent. 

The suggested genesis is: Calcite and dolomite crystallized in soupy montmorillonite mud in a 
shallow lake probably fed by mineral spring(s) containing predominantly B, Na, Ca, Mg, Li, Sr, As, 
HCO;, Cl, and almost no SO;. Borax probably also crystallized in the mud following Soret’s Principle; 
some perhaps formed as seed crystals in the lake waters by drastic cooling, settled into the mud and 
grew larger by accretion. Cl precipitated last as halite. 

Except for halite and lack of Mg-borates and alteration products, Turilari is identical to the 
Kramer, California, deposit, which has euhedral borax in green montmorillonitic “clay” containing 
abundant dolomite and calcite and abnormal amounts of Li, As, Sb. A similar origin is suggested for 
these two deposits. 


RECENT SEDIMENTS OF THE GULF OF ALASKA 


Y. R. Nayudu 
University of Washington, Seattle, Wash. 


Menard and Dietz, and Menard have established the general character of submarine relief and 
sediment distribution in the Gulf of Alaska. The present study, carried on under the auspices of the 
Office of Naval Research, adds information from 75 deep-sea cores and some dredge hauls. 

Red clay noted by previous workers is found to be more restricted in its distribution than previ- 
ously shown, and diatomaceous sediments are more extensive, extending as far north as Lat. 59° N. 
Following the retreat of Pleistocene glaciers rapid deposition of terrigenous sediments and rock flour 
blanketed the region, resulting in two diatomaceous sedimentary types. The earlier type contains 
more than 20 per cent diatoms, and the later less than 5 per cent diatoms. 

Two distinct ash layers are shown by cores from the north. The source of the top acidic layer 
which covers the terrigenous sediments is traced to the Katmai Volcanic eruption of 1912. This ash 
layer is more widespread than was originally supposed. The source and extent of the lower basic 
brown ash layer are still unknown. 

A narrow band of Globigerina ooze parallels the Oregon and Washington coast. This can be traced 
northwesterly to Lat. 58° N. 

A distinct sedimentary province, covered by a clay rich in Radiolaria, is recognized in the southerly 
part of the area. Sand layers in this area suggest reworked sediments. 


LARGE-SCALE DECOLLEMENT THRUSTING IN THE NORTHERN SNAKE RANGE 
OF EASTERN NEVADA AND THE DEEP CREEK RANGE OF WFSTERN UTAH* 


Robert B. Nelson 
University of Washington, Seattle, Washington 


At the northern border of the northern Snake Range, Nevada, the plane of the Mesozoic décol- 
lement thrust described by Hazzard and Misch (1953) is parallel to the stratification in the base- 
ment. The position of a highly deformed marble at the top of the autochthon may be due to shear- 
ing off along this zone of parts of the basement, which thus become parts of the eastward-moving 
allochthon. The portion of the allochthon exposed in the northern end of the range consists of im- 


* Published with the permission of the Union Oil Company of California 
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bricate slices of Cambrian strata alternating with Pennsylvanian strata, both of which rest on the 
marble. 

Fifteen miles north of the Snake Range, in the Deep Creek Range of Utah, the allochthon of the 
Snake Range décollement thrust was separated into a lower plate and an upper plate during the 
thrusting. This separation occurred within the shales of the White Pine Group. 

The Cambrian through Devonian strata in the lower plate of the allochthon are a southward con- 
tinuation of the sequence described by Nolan (1935) in the northern Deep Creek Range. In the 
southwestern portion of this range, the sediments of this thrust plate were folded into an almost 
recumbent, nearly eastward-trending anticline with a steep westerly plunge. This fold was probably 
rotated coincident with its truncation by the upper plate. 

The Upper Paleozoic strata within the upper plate have at their base a thrust which is probably 
a continuation of the North Pass thrust described by Nolan in the Gold Hill district of Utah. 


OSCILLATOR RESPONSES TO EARTHQUAKE MOTION 


Frank Neumann 
Geology Department, University of Washington, Seattle, Wash. 


The paper discusses the theoretical responses of multi-period oscillators (simulating buildings) to 
the earthquake motions summarized in the writer’s booklet Earthquake intensity and related ground 
motion. The conditions of steady-state forced vibrations are assumed to exist between ground and 
oscillator motions. The procedure provides acceptable provisional envelopes for earthquake spectra 
computed from individual earthquake records using rigid mathematical methods. 


USE OF S WAVES TO DETERMINE THE FOCAL MECHANISM 


Otto W. Nuttli 
Saint Louis University, Saint Louis, Mo. 


If the forces producing an earthquake are assumed to be horizontal (although not necessarily lying 
in a horizontal plane) and to consist of a simple shearing couple, the following relation can be estab- 
lished: 


tan 6 = tan cos 7; 


where 6 is the angle between the direction of the forces and the horizontal projection of the ray path 
at the focus, ¢ is the angle of polarization of the S wave, and i; is the angle of incidence of the S 
ray at the focus. For epicentral distances beyond about 35°, this equation may be written in the 
approximate form 


tan = tan cos ip COS 


where » is the angle between the horizontal projection of the ray at the station and the horizontal 
component of ground motion due to S. 

Using the above equation, one can compute the direction of the forces from the S-wave data of a 
single station, if the assumptions are valid. Equally important, the equation may be used to test the 
validity of the assumptions by applying it to data obtained from many stations in widely varying 
azimuths. 

Some examples based on Aleutian Island earthquakes are included 
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AREAL GEOLOGY OF PART OF THE SOUTHERN KLAMATH MOUNTAINS, SHASTA 
AND TRINITY COUNTIES, CALIFORNIA 


W. A. Oesterling, D. E. Pruss, and R. T. Laird 
Southern Pacific Company, Land Dept., San Francisco, Calif. 


The areal geology of 9 townships in the southern Klamath Mountains was mapped at 1:24,000 as 
a part of the current geological exploration program of the Southern Pacific Company. Only 6 of the 
19 rock units mapped in the northern 5 townships are delineated’on published maps. 

Most of the area is a large homocline which dips approximate'y 35°E.-SE. and is nonconformably 
overlain by Tertiary and Quaternary flows from Cascade volcanoes north and east of the mapped 
area. Prevailing structural trends are northeast and northwest. The homocline is composed of thick 
Paleozoic and Mesozoic geosynclinal sediments and volcanic rocks. Paleozoic marine sediments are 
dominantly cyclic. 

In the northwest part of the area, an ultrabasic mass of probable Jurassic to Cretaceous age is of 
batholithic extent. This mass is composed of serpentinized peridotite with local dunite and is invaded 
by basic to acidic stocks and dikes. 

Formations and rock units delineated are: Devonian—Copley greenstone, Kennett formation, 
mudstone and reef limestone; Carboniferous—Bragdon formation clastics and five members of the 
Baird formation; Permian—McCloud limestone and undifferentiated Nosoni and Dekkas formations; 
Triassic—Pit formation, Hosselkus limestone, and Brock shale; Jurassic to Cretaceous (?)—perido- 
tite mass, gabbro stocks and dikes, and diabase; Pleistocene to Recent—alluvial gravel and andesine 
basalt flow. Detailed lithology of the upper 700 feet of the Baird formation is described and includes 
previously unreported limestones. 

Minor deposits of chromite, asbestos, magnetite, and gold and silver occur within the area. Mag- 
netite is associated with local quartz-augite diorite. 


EFFECT OF SURFICIAL SEDIMENTS ON CONTINENTAL SURFACE WAVES 


Jack Oliver and Maurice Ewing 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


Surface waves in the 14- to 12-second period range, recorded at several stations in eastern North 
America from the eastern Tennessee shock of 23 June 1957, are the bases for several deductions con- 
cerning the effect of sedimentary layers on continental surface-wave propagation: (1) The velocities 
of surface waves of the fundamental Love and Rayleigh modes having periods less than about 10 sec- 
onds may be strongly affected by sedimentary layers of average thickness. This accounts, at least in 
part, for the prolongation of surface-wave trains in this period range which have traversed sedi- 
mentary layers of appreciable thickness. (2) Higher-mode propagation for both types of surface waves 
is a possible explanation for the velocity, frequencies, and amplitudes of the phase Sg at moderate 
epicentral distances, and of its long-distance counterpart, the high frequency component of Lg. The 
lower-frequency components of Lg have been explained previously by other aspects of normal mode 
propagation in the crust. (3) Study of dispersion of short-period surface waves can, if adequate theo- 
retical curves are available, result in fairly detailed knowledge of the velocity variation with depth 
within the sedimentary column and may also reveal information on anisotropy. 


GEOPHYSICAL INVESTIGATION OF MONO BASIN, CALIFORNIA 


L. C. Pakiser, Frank Press, M. F. Kane, and R. E. Warrick 
U.S. Geological Survey, Menlo Park, Calif.; California Institute of Technology, Pasadena, Calif.; 
U.S. Geological Survey, Menlo Park, Calif.; U.S. Geological Survey, Denver, Colo. 


Gravity and seismic studies in Mono Basin, Mono County, California, completed during the 
summer of 1957 revealed the existence of a large, roughly triangular-shaped block that subsided 
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about 12,500 feet to receive an accumulation of about 250 cubic miles of light clastic sediments and 
volcanic material of Cenozoic age. The seemingly near-vertical faults that bound this great block are 
removed basinward from the surrounding mountain masses, but in general they are parallel to well- 
defined Basin and Range trends 

The gravity minimum associated with the Mono Basin structure has a residual gravity relief of 
about 50 mgals, and the lowest gravity readings (on Paoha Island) yield a complete Bouguer gravity 
value of about —260 mgals with respect to the International Ellipsoid. The computed depth of 
subsidence is based on a density of 2.3 gm/cm# for the basin fill and 2.7 gm/cm# for the basement 
rocks. Seismic-refraction profiles around the undepressed sides and near the center of the basin struc- 
ture seem to confirm the gravity interpretation. Along common seismic and gravity profiles steep 
seismic dips coincide with steep gravity gradients. Numerous seismic reflections are present within 
the basin fill, suggesting deposition by orderly processes, probably involving both sedimentation 
and volcanic eruption. 

It is postulated that Mono Basin may be a volcano-tectonic depression (or caldera) caused by 
subsidence along faults, following extrusion of lava from a magma chamber at depth. Volcanic rocks 
of Pliocene (?) and Pleistocene ages are exceptionally abundant in this area. 


RECENT HISTORY OF GLACIATION IN THE MALASPINA DISTRICT AND ADJOINING 
BAYS, ALASKA 


George Plafker and Don J. Miller 
U. S. Geological Survey, Menlo Park, Calif. 


The following history of advance and retreat of the Malaspina Glacier and the glaciers discharging 
into Icy Bay and Yakutat Bay is inferred from recent field investigations and study of aerial photo- 
graphs, from historical records, and from radiocarbon dates: 

(1) Older advance culminating between 600 and 1290 A.D. in a nearly continuous tidal ice front 
extending from the west side of Icy Bay to the southeast side of Yakutat Bay. 

(2) Recession between 1400 and 1700 A.D. to positions at or north of the present ice fronts. 

(3) Younger advance culminating between 1700 and 1791 A.D. in tidal ice fronts at the mouth 
of the present Icy Bay and the re-entrant between this lobe and the Malaspina Glacier (the Icy Bay 
of Vancouver?), at Sitkagi Bluffs, and at Blizhni Point in Yakutat Bay. 

(4) Recession of the Yakutat Bay lobe and stagnation of the Malaspina Glacier margin beginning 
before 1791 A.D. and continuing, with minor interruptions, to the present. Recession of the Icy Bay 
lobe, beginning about 1904 A.D. 

Recently determined radiocarbon dates for wood imbedded in the outermost end moraines at the 
west side of Icy Bay (W-374) and southeast side of Takutat Bay (W-559) are, respectively, 1,200 + 
160 years B.P. and 830 + 160 years B.P. These moraines record the maximum advance of glaciers 
on the present coastal lowland. 


CONTINENTAL CRUST 


Frank Press 
California Inslitule of Technology, Seismological Laboratory, Pasadena, Calij. 


A comparison of recent results on crustal structure from the phase-velocity method and from 
explosion seismology leads to the conclusion that a continuous or discontinuous velocity increase 
with depth in the crust must occur under topographically high regions. 

This effect puts stringent conditions (not usually adhered to) on seismic-refraction methods of 
crustal exploration, particularly on the identification of second arrivals. These arrivals may represent 
refractions, reflections, or curved ray paths and can be distinguished only by observing apparent 
velocities over great distances. 
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STRATIGRAPHIC SIGNIFICANCE OF FORAMINIFERA FROM THE TWIN RIVER 
FORMATION, NORTHERN OLYMPIC PENINSULA, WASHINGTON 


Weldon W. Rau 
U.S. Geological Survey, Menlo Park, Calif. 


The foraminiferal fauna of the Twin River formation, as redefined by Brown and Gower, varies 
greatly. Much of the variation in the fauna is believed to be the result of local changes in the deposi- 
tional environment and cannot be used for subdividing the formation on a regional basis. However, 
a few faunal variations have widespread stratigraphic value and can be recognized within the forma- 
tion in the north-coastal area of the Olympic Peninsula. Four foraminiferal assemblage zones of the 
Twin River formation are proposed. These zones have boundaries that are generally gradational and 
are based on the frequency of occurrence of species that have stratigraphic significance. 

The assemblages from the four foraminiferal zones of the Twin River formation compare with 
assemblages from the McIntosh and Skookumchuck formations and the Lincoln formation of Weaver 
of southwestern Washington and with forms from Weaver’s Blakeley formation of northwestern 
Washington. The Foraminifera from these formations are correlated with faunas of parts of Laiming’s 
“A” zones, the Refugian stage of Schenck and Kleinpell, and Kleinpell’s Zemorrian stage. Therefore, 
the Twin River formation probably ranges in age from late Eocene to Miocene. 


SEISMIC REGIONALIZATION OR ZONING 


Charles F. Richter 
California Instituie of Technology, Pasadena, Calif. 


Mapping of seismic risk in the USSR has reached a high degree of development and administra- 
tive authority. Maps of seismic regionalization (literally translated) show zones differentiated by 
maximum probable expected intensities (Mercalli scale). Controversy has arisen over the method of 
applying geological and geophysical observations to supplement historical and instrumental data on 
earthquakes. 

The corresponding undertaking for California is largely what is termed microregionalization. 
The geography of risk there is mainly dependent on differences in ground; practically every point 
is within damaging range of oneor more active faults. Distinctions can profitably be made, following 
Medvedev, between areas where the expectable maximum is the same but the frequency of maxi- 
mum events differs. 

For the United States as a whole problems of interpreting historical and geological data are similar 
to those for the USSR and can be approached only in the most tentative way. 

Regionalization maps for the Los Angeles area, for California, and for the United States are shown. 


GEOLOGY OF THE BUCK MOUNTAIN-BALD MOUNTAIN AREA, SOUTHERN RUBY 
MOUNTAINS, WHITE PINE COUNTY, NEVADA 


J. Keith Rigby 
Brigham Young University, Provo, Utah 


The writer mapped Ts. 20-24 N., Rs. 56-58 E., in western White Pine County, Nevada. The area 
includes approximately 550 square miles of low hills at the southern end of the Ruby Mountains 
and adjacent parts of Newark and Long valleys west and east of the hills. A Paleozoic section from 
Pogonip limestone (lower Ordovician) to Arcturus (Permian) is exposed in uplands of the area. 
Tertiary? fanglomerate and Quaternary lacustrine, eolian, and fluvial deposits flank the mountains. 
Exposed sedimentary rocks have an aggregate thickness of approximately 18,000 feet. Basalt flows 
and pyroclastic deposits are common in the southern part of the area and occur along margins of 
upland areas in the eastern part of the area. Monzonite stocks, two small rhyolitic plugs, and numer- 
ous dikes are exposed in the northern part of the area. 


| 


1702 ABSTRACTS 


The Buck Mountain-Bald Mountain area is the structural continuation of the southern Ruby 
Mountains and consists of a large south-plunging anticline with smaller folds along its flanks. The 
major flexure is modified by several thrust zones which trend roughly north-south by tear faults 
with a trend of approximately N. 60° W., and by many normal faults with an approximate north- 
south trend. Major tectonic movement is correlated with the early Laramide orogeny. 


PRELIMINARY REPORT ON THE GEOLOGY OF THE STANSBURY MOUNTAINS, 
EASTERN TOOELE COUNTY, UTAH 


J. Keith Rigby 
Brigham Young University, Provo, Utah 


The Stansbury Mountains are located in T. 1-5 S., R. 6-8 W., in eastern Tooele County, Utah, 
approximately 50 miles west of Salt Lake City. The range consists of an elongate, north-trending, 
doubly plunging anticline, with minor echelon folds near the northern and southern ends of the range. 

Precambrian (?) rocks are exposed in the core of the structure below a nearly complete Paleozoic 
section, extending from the Tintic quartzite up to middle Pennsylvanian limestone of the Oquirrh 
formation. A pronounced late Devonian unconformity is developed within the range where Devonian 
conglomerate, limestone, and sandstone, and locally Mississippian dolomite, rest upon rocks ranging 
from the middle Cambrian Tintic quartzite to middle Devonian Simonson dolomite. Pre-erosion 
structural relief is approximately 3000 feet. Major axes of Devonian folds trend approximately 
N. 45° W. in the southern and central part of the range and approximately north-south in the north- 
ern part. Locally lower Paleozoic rocks strike approximately at right angles to attitudes of imme- 
diately overlying Devonian and Mississippian rocks. A coarse conglomerate was deposited in late 
Devonian time off the northeastern and southwestern flanks of the structure. 

Conglomeratic Eocene (?) rocks are exposed along the eastern flank of the mountains, uncon- 
formably overlying Paleozoic rocks and below a relatively thick volcanic flow and ignimbrite sequence. 
Late Tertiary fanglomerate and terrace gravels flank the range on the east side and record in their 
attitudes eastward tilting of the range, presumably during Basin and Range faulting. Sediments of 
Lake Bonneville and Recent lakes lap onto the range along the northeastern and western margins. 


UPPER CAMBRIAN STRATIGRAPHY IN CENTRAL AND WESTERN UTAH 


Richard A. Robison and Craig Bentley 
Brigham Young University, Provo, Utah 


Fossils have been collected, and lithic comparisons made in 10 measured sections in central and 
western Utah. Geographically the area extends from the Deep Creek Mountains near the Nevada 
line on the west to Provo Rock Canyon in central Utah on the east, and from the Silver Island Range 
on the north to the Wah Wah Mountains. 

Only the lower part of the Upper Cambrian is present in the Oquirrh Mountains and at Provo 
Rock Canyon. These sections are unconformably overlain by Mississippian rocks. Complete sections 
of the Opex and Ajax dolomites occur in the Stansbury Mountains and Tintic district. In the vicinity 
of the House Range, where the thickest section is found, the Upper Cambrian is composed of the 
Weeks, Orr, and Notch Peak formations. The Upper Cambrian in the Deep Creek Mountains con- 
sists of the Lamb, Hicks, and Chokecherry formations. 

Six of the seven standard Upper Cambrian trilobite zones have been recognized. These are, from 
oldest to youngest: Cedaria, Crepicephalus, A phelaspis, Elvinia, Ptychaspis-Prosaukia, and Saukia. 
The A phelaspis and Elvinia zones are most widespread and most abundantly fossiliferous in wester. 
Utah sections. Representatives of these zones have been termed “Dunderberg fauna” after their 
occurrence in the Dunderberg shale of central Nevada. 

Faunal evidence indicates that the Weeks and Orr formations are equivalent to the Lamb and 
Hicks formations in western Utah and to the Opex formation in central Utah. It is proposed that the 
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name Dunderberg shale be extended into western Utah for the distinctive lithologic unit which bears 
the “Dunderberg fauna”. The Notch Peak formation is equivalent to the Chokecherry and Ajax 
formations. 


METAMORPHIC ROCKS OF THE MAY LAKE AREA, YOSEMITE PARK, AND 
A METAMORPHIC FACIES PROBLEM 


Robert L. Rose 
Nevada Bureau of Mines, Reno, Nev. 


Roof pendants in a granitic complex involving the Half Dome quartz monzonite, Hoffmann quartz 
monzonite, and Sentinel granodiorite at May Lake are composed of quartzite, pelitic hornfelses, 
calcareous rocks (marble, calc-hornfelses), and metavolcanic rocks. Contacts between the granitic 
and metamorphic rocks are sharp and discordant and clearly indicate magmatic emplacement. 

Meta-calcareous rocks are represented by the fcllowing assemblages: calcite-wollastonite-diop- 
side, calcite-chondrodite-spinel, calcite-brucite-clinohumite, diopside-plagioclase-quartz, etc. Quart- 
zites contain 5-20% microcline, minor biotite, magnetite, plagioclase, rarely cordierite, etc. Pelitic 
hornfelses are interbedded with quartzites and consist mainly of cordierite, andalusite, microcline, 
and biotite. The metavolcanics (rhyolitic to basaltic) occur as bedded metapyroclastics and intrusive 
bodies. Biotite amphibolites with calcic plagioclase are common as dikes; some contain clinopyroxene, 
but hypersthene is apparently absent. 

The juxtaposition of the assemblage cordierite-andalusite-potassium feldspar, traditionally 
assigned to the pyroxene-hornfels facies, and the biotite amphibolites, which belong to the amphibo- 
lite facies by definition, presents a problem to the concept of metamorphic facies. This anomalous 
association cannot be explained by variations in water content or water pressure during meta- 
morphism. Possibly it indicates that conditions of metamorphism were on the boundary between 
the pyroxene hornfels and amphibolite facies. If, however, this boundary is defined by the transition 
hornblende + calcic plagioclase to clinopyroxene + hypersthene + plagioclase as proposed by 
Eskola, this is improbable. 

The field relationships and the above considerations indicate the andalusite-cordierite-microcline 
assemblage can form in the amphibolite facies and the transition between this and the assemblage 
muscovite-biotite-quartz occurs well below the upper limit of the amphibolite facies. 


PRE-TERTIARY STRATIGRAPHY NEAR PETALUMA, CALIFORNIA 


Robert L. Rose 
Nevada Bureau of Mines, Reno, Nev. 


Pre-Tertiary rocks between Tomales Bay and Highway 101 south of Petaluma, California, pre- 
viously mapped as Franciscan, form three major formational units (A, B, C) of similar but distinctly 
different lithology. Although they have been observed only in fault contact, a stratigraphic sequence 
has been inferred. 

Formation A, the oldest, is dominantly metagraywacke with pelite, chert, and greenstone inter- 
beds and greenstone and serpentine intrusives with three recognizable metamorphic grades: (1) (low) 
graywackes semischistose with conspicuous laumontite; pelites inconspicuously altered; (2) (medium) 
clastics semischistose to schistose, with conspicuous glaucophane and sericite; (3) (high) graywackes 
semischistose, composed of quartz, jadeite, lawsonite, and sericite; pelites sericitic. Formation A is 
steep dipping, lineated, and deformed about two fold axes. 

Formation B consists mainly of mudstone containing Aucella piochii with minor coarse clastics. 

Formation C, apparently the youngest unit, is mainly graywacke with minor pelites, cherts, occa- 
sional greenstone, and serpentine intrusives and is characterized by clasts of green and red chert and 
celadonitized vitric fragments. 

Formation A is correlated with the pre-Knoxville Franciscan formation of the west side of the 
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Great Valley and is considered upper Jurassic. B is correlative faunally and lithologically with the 
Knoxville formation. C is tentatively correlated with the “Franciscan” of the San Francisco penin- 
sula and is considered Upper Cretaceous. 

The lithologic and stratigraphic relationships in this area suggest that the post-Knoxville eugeo- 
synclinal strata with Franciscan lithologic affinities should not be called Franciscan but should be 
given a different stratigraphic name. 


ATTENUATION, DISPERSION, AND THE WAVE GUIDE OF THE G WAVE 


Yasuo Saté 
Lamont Geological Observatory (Columbia University), Palisades, N. Y. 


Using the strain seismograms of the New Guinea earthquake of 1933 and the Kamchatka earth- 
quake of 1952, the decrement of the G wave in the mantle of the earth was determined from the 
comparison of the amplitude of Fourier components, which are obtained by analyzing the G phases 
at different epicentral distances. The value of 1/Q thus obtained is a little larger than that given 
by Ewing and Press using mantle Rayleigh waves but is not much different. The phase velocity was 
also calculated using the argument of the Fourier transform. The dispersion curves obtained from 
(G, and G3), (Gz and G,) of the New Guinea earthquake, and (G, and G;) of the Kamchatka earth- 
quake agree quite well, giving a nearly constant group velocity 4.4 km/sec as was anticipated. Theo- 
retical consideration was given to the distribution of shear velocity that serves as the wave channel 
for the guidance of the G wave, and the shear velocity was calculated applying the method of Taka- 
hashi to the dispersion curve derived from the constant group velocity, which is a direct consequence 
of the fact that the G wave shows almost no dispersion. The 2s(z)/vo curve which was derived theo- 
retically agrees well with the curve given by the distribution of shear velocity of Jeffreys-Bullen in 
the range between one and several hundred kilometers. 


RECONNAISSANCE PETROGRAPHY OF THE IDAHO BATHOLITH IN VALLEY 
COUNTY, IDAHO* 


Dwight L. Schmidt 
Universily of Washington, Seattle, Wash. 


The rocks of the west-central part of the Idaho batholith grade in structure and composition from 
highly foliated metasedimentary rocks on the western border to massive granitic rocks in the interior. 
The following gradational belts have been recognized: biotite-quartz schist with minor intercalated 
calc-silicate granulite (2-mile width exposed); leucocratic quartz dioritic migmatite (2-10 miles wide); 
quartz dioritic gneiss (5 miles); leucocratic quartz diorite ( 3 miles); granodiorite (10 miles); and 
quartz monzonite (15 miles). 

The anorthite content of the plagioclase, and the percentages of potassium feldspar, biotite, and 
many accessory minerals vary systematically across the rock belts. Sphene, allanite, and magnetite, 
for example, characterize the migmatite and quartz dioritic gneiss, whereas ilmenite and monazite 
characterize the granodiorite and quartz monzonite. 

The metamorphic grade in the schist belt is that of the kyanite zone. The grade, as indicated by 
critical mineral assemblages in relict inclusions of schist and calc-silicate granulite, increases pro- 
gressively across the migmatite and quartz dioritic gneiss belts to the sillimanite zone in the leuco- 
cratic quartz diorite rock belt. In the eastern part of the quartz monzonite belt the grade progressively 
reverts from the sillimanite zone to the kyanite zone. 

The systematic and progressive change in texture, structure, mineralogic composition, and meta- 
morphic grade across the four outer rock belts of the batholith in Valley County indicates regional 
synkinematic metamorphism and progressive granitization. The genesis of the interior of the batho- 
lith is not fully understood. 


* Published with permission of the U. S. Geological Survey. 
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DEEP-SEA-FLOOR PHOTOGRAPHS FROM THE EASTERN AND SOUTHEASTERN 
PACIFIC 


Carl J. Shipek 
U. S. Navy Electronics Laboratory, San Diego, Calif. 


As part of the IGY cruise “‘Downwind”, the M/V Barrp from the Scripps Institution of Oceanog- 
raphy, La Jolla, California, occupied 14 deep-water camera stations in the Eastern and Southeastern 
Pacific between San Diego, California, and Valparaiso, Chile. A special U. S. Navy Electronics 
Laboratory underwater camera was employed to conduct a photographic study of the sea-floor 
sediments, related biological activity, bottom currents, and microrelief to depths as great as 15,500 
feet. 

Red clay and calcareous oozes were photographically recorded in place on fast color film. Sediment 
samples were obtained by small coring tubes mounted on the camera frame. Manganese nodules 
were found at a number of widely scattered stations in both the clays and oozes. At one station thin 
films of red clay covered loose manganese nodules on and in a red-clay bottom. 

Visible burrowing activity, tracks, and animal life were detected in the calcareous oozes. Ripple 
marks were photographed in the pteropod ooze of a submerged seamount lying 4330 feet below sea 
level. 

Deep-sea photography has disclosed the widespread distribution of manganese on the ocean floor. 
The use of new high-speed color film with electronic flash illumination is contributing substantially 
to knowledge of the true character of the bottom and rates of sedimentation in different environments. 
Continued detection of ripple marks in sediments by the use of photography is helping to establish 
the nature of bottom-flowing currents and possible deep oscillatory wave action. 


CRUSTAL STRUCTURE BENEATH THE WESTERN HAWAIIAN RIDGE* 


George G. Shor, Jr. 
University of California, Marine Physical Laboratory of the Scripps Institution of 
Oceanography, La Jolla, Calif. 


A series of seismic-refraction profiles has been made across a flat bank at Gardner Pinnacles on the 
western Hawaiian Ridge, down the side of the ridge and across the adjacent deep to the floor of the 
Pacific basin. The ridge is composed principally of material with velocities typical of volcanic islands. 
The high-velocity oceanic crust, found in the oceanic areas adjacent, extends beneath the ridge. The 
total crustal section is thickened and the M discontinuity depressed beneath the deep as well as the 
ridge. 

The smooth “archipelagic apron” on the north side of the ridge has only a very thin mantle of 
sediment over a thick section of volcanic material similar to that of the ridge. 

A structural section that fits the seismic-refraction data is compared with sections previously 
postulated on bathymetric evidence alone. 


REFLECTION STUDIES IN THE PACIFIC EUPELAGIC AREAf 


George G. Shor, Jr. 
University of California Marine Physical Laboratory of the Scripps Institution of Oceanography, 
La Jolla, Calif. 


Two reflection profiles have been made in a portion of the equatorial Pacific far from land and 
shielded from turbidity-current deposition. They extend from an area of present-day clay deposition 


*This work represents one of the results of research carried out under contracts NoBsr 72512, 
Bureau of Ships, and Nonr 23343, Office of Naval Research, Department of the Navy. 

t This work represents one of the results of research carried out under contracts NoBsr 43356, 
Bureau of Ships, and Nonr 23304, Office of Naval Research, Department of the Navy. 
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in the north to present-day carbonate deposition in the south. A significant thickening of the low- 
velocity sediment section from north to south indicates that the present localization of carbonate 
deposition (with an accompanying high rate of sedimentation) prevailed for much of the Tertiary 
The profiles also provide evidence for local movement of material from hills to valleys. 


REVISION OF TURNER’S CURVES FOR THE DETERMINATION OF PLAGIOCLASE 
WITH THE FOUR-AXIS UNIVERSAL STAGE 


David B. Slemmons 
Mackay School of Mines, University of Nevada, Reno, Nev. 


Recent work with “high-temperature” plagioclase feldspar has shown that the optical properties 
of “high-temperature” (volcanic and synthetic hydrothermal) plagioclase differ markedly from 
properties of “low-temperature” (plutonic to hypabyssal igneous and metamorphic) plagioclase. At 
the suggestion of Dr. Francis J. Turner, the writer has revised Turner’s earlier twin-axis and com- 
position-plane curves, which were for “low-temperature”’ plagioclase, and has added new curves for 
“high-temperature” plagioclase. 

Turner’s original “low-temperature” curves, derived from Nikitin’s data, have been modified by 
using the abundant data of Kéhler, Van der Kaaden, and others, as well as 18 new measurements, 
made by the writer on the analyzed plagioclases graciously supplied by Dr. J. R. Smith of the Geo- 
physical Laboratory in Washington. The new “high-temperature” plagioclase curves are based on the 
published data of Game, Kano, Kéhler, Tertsch, Van der Kaaden, and four new universal- 
stage studies by the writer using Smith’s analyzed material. 

The new curves show that the use of Turner’s “low-temperature” charts for plutonic plagioclase 
can lead to errors of up to 5 per cent An for plutonic plagioclase, and up to 15 per cent An for vol- 
canic plagioclase. If the “high-temperature” curves are used for volcanic plagioclase and the “low- 
temperature” curves are used for plutonic or hypabyssal igneous rocks or metamorphic rocks, an 
accuracy of about +2 per cent An can generally be attained. 


LATE QUATERNARY STRATIGRAPHY AND CLIMATIC SIGNIFICANCE OF SEARLES 
LAKE, CALIFORNIA 


George I. Smith 
U. S. Geological Survey, Claremont, Calif. 


The deposits in the upper few hundred feet of Searles Lake basin, California, furnish a detailed 
record of the late Quaternary climates of the region. Searles Lake was third in a chain of five lakes 
that received water from the east side of the Sierra Nevada during one or more of the pluvial periods 
of the Pleistocene. Between pluvials, Searles Lake desiccated, forming evaporites. The composition 
and volume of the pluvial mud layers and interpluvial evaporites allow an interpretation of the 
climate sequence. 

The two main salt bodies in Searles Lake presumably resulted from desiccation of pluvial lakes 
formed during the Tahoe and Tioga stages of Blackwelder (1931). The Tahoe stage is represented by 
about 100 feet of mud; by applying depositional rates found in younger C dated muds, this thickness 
can be estimated to represent a period 60,000 to 150,000 years long. The interval between the 
Tahoe and Tioga stages consisted of six minor pluvial stages separated by seven periods of desicca- 
tion. Except for duration, the climates during all six minor pluvial stages were probably indistinguish- 
able from those of the Tahoe and Tioga stages. The first three desiccation stages were relatively 
incomplete, but the fourth and fifth periods were more nearly complete (the fifth was probably much 
longer); the sixth and seventh were similar to the first three. During the Tioga stage, dated by C™ as 
25,000 to 10,000 years ago, the lake inflow increased and then decreased symmetrically; probably the 
climate also cooled and then warmed symmetrically. The post-Tioga desiccation was probably @ 
continuous process with no reversion to pluvial conditions until fairly recent times. 
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BORON AND BORATE DISTRIBUTION IN THE WESTERN UNITED STATES 


Ward C. Smith 
U. S. Geological Survey, Claremont, Calif. 


The known borate deposits of the western States are in western Nevada, southern Oregon, and 
California. Nearly all springs that carry more boron than average are in the same area. The distribu- 
tion suggests a boron-rich province. These borate deposits range from Recent to middle Miocene, 
and some in Clark County, Nevada, are possibly Cretaceous or Eocene. The deposits, typically 
products of accumulation in basins of interior drainage, show variations in mineralogy and associated 
rock types, which reflect the considerable diversity in geologic environments found in such basins. 
The preservation of borates in the Tertiary continental deposits implies that interior drainage, in 
changing patterns, has persisted through Tertiary time. 


PERMEABILITY METHOD FOR EVALUATING ROCK ABUTMENTS, HILLS CREEK 
DAM, OREGON 


Dell L. Snyder 
Corps of Engineers, Portland District, Portland, Ore. 


The Hills Creek Multi-Purpose Project, now under construction, is located on the Middle Fork 
Willamette River, 40 miles southeast of Eugene, Oregon. The project features a 338-foot-high earth 
dam, four tunnels, and a iairly large concreted spillway and a powerhouse. 

Exploration of the complex pyroclastic and intrusive rocks which form the high abutments re- 
vealed extensive faulting, deep residual weathering, and intense fracturing with secondary clay which 
extended far below the water table. The challenge of such complex abutment conditions is to establish 
a mass evaluation, in engineering terms, which will elucidate design problems. 

The mass evaluation of the geological conditions in the rock abutments of Hills Creek Dam was 
accomplished by extensive permeability studies made in conjunction with the core-drilling program. 

The results of these studies, their relation to the geological conditions, will be discussed with respect 
to their influence upon the design for control of seepage and clay migration, and also the feasibility 
of rock-bolt support in extensively sheared tunnel rock. 


ROCK MECHANICS OF ROCK-BOLT SUPPORT IN LARGE TUNNELS 


Dell L. Snyder 
Corps of Engineers, Portland Districi, Portland, Ore. 


Rock-bolt support is being employed in more large underground excavations as the rock me- 
chanics, related to their application, is becoming understood as well as for the more obvious economic 
and construction advantages. This type of rock support has been employed in the large-diameter 
diversion tunnels at the Hills Creek Dam and Cougar Dam projects in Oregon. 

The evaluation of geological and engineering data leading to design and installation procedures 
for rock-bolt support at the two projects will be discussed in relation to geological problems during 
tunneling. 


STUDY OF CRUSTAL STRUCTURE IN CALIFORNIA AND NEVADA BY EXPLOSION 
SEISMOLOGY 


Joshua L. Soske and George A. Thompson 
Stanford University, Stanford, Calif. 


A series of demolition explosions, which ranged in size from 1 to 12 tons of dynamite and which 
were located on the California coast west of Santa Barbara, were recorded with seismometer arrays 
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along two radial lines, one extending east-southeast subparallel to the coast and to the geologic 
structure, and the other extending northeast across the Transverse Ranges to the Sierra Nevada. 
Two other explosions, originating east of the Sierra Nevada, were recorded at stations in the Sierra. 
Results from the coastal explosions include: velocity of 6.16 kmps in the crust and 8.16 kmps in the 
mantle, downward increase of crustal velocity indicated by early arrivals near the cross-over distance, 
cross-over distance of 125 km on the northeast line and slightly less on the east-southeast line, strong 
later arrivals at a distance and time appropriate for critical-angle reflections from the M discon- 
tinuity, large eastward dip of the M discontinuity at the western base of the Sierra Nevada. Resuits 
from the Sierra records include: cross-over distances 175 to 195 km, probable thinning of the crust 
east of the Inyo Range. 

Continuing study is directed toward determining the configuration of the base of the crust in the 
coastal area, where the upper crust is depressed in a narrow trough containing 7 km of Cenozoic 
sediments, and toward further investigation of the most significant of the preliminary results. 


MEXICAN EARTHQUAKE OF JULY 28, 1957: STRUCTURAL DAMAGE 
OBSERVATIONS IN MEXICO CITY 


Karl V. Steinbrugge and Vincent R. Bush 
Pacific Fire Rating Bureau, Los Angeles, Calif. 


Preliminary information places the epicenter from 150 to slightly more than 200 miles from Mexico 
City. Ground waves at Mexico City had relatively long periods; travel distance had damped out 
short-period motions. 

Multistory buildings on the ancient lake bottom were principally affected since their longer natural 
periods appeared to be near the dominant ground motions. The weaker buildings were naturally 
damaged most. Conversely, the 43-story Latino-Americana Tower building was adequately designed 
and had no damage. 

Reinforced concrete is the principal construction material for Mexico City’s multistory buildings. 
Several collapses occurred, and a number of structures nearly failed. Underdesign (as insufficient 
column steel, column ties, beam stirruns, etc.) was the obvious cause for some failures. Concrete 
quality and poor construction practice also contributed. 

Structural steel is used relatively little. A near failure due to underdesigned columns was noted in 
one multistory building. Another of mixed reinforced concrete and structural steel collapsed. 

The very numerous one, two, and three story rigid buildings of the usually susceptible unreinforced 
unit masonry construction were undamaged, and this can be attributed to the type of ground motion 
which did not affect these short-period structures. However, a collapse occurred to a one-story 
concrete shell structure which acted as a minimum damped inverted pendulum. 

Poor soil conditions (as high as 5:1 for water to solids by weight) downtown along with some faulty 
building foundation design magnified the damage. Ground amplitudes appear to have been con- 
siderably greater downtown than on firmer-ground areas. 


SEISMOGRAPHIC RESULTS FROM THE SAN FRANCISCO EARTHQUAKES OF 1957 


Don Tocher 
Seismographic Station, University of California, Berkeley, Calif. 


The San Francisco earthquake of March 22, 1957, was preceded by eight identifiable foreshocks, 
the earliest about 3 hours before the main shock. Aftershocks have continued into 1958 and, because 
of their proximity to residential areas in and south of San Francisco, have evoked rather more con- 
cern in the press than similar recent aftershock series in northern California. Epicenter of the main 
shock was 37° 40’ N., 122° 29’ W.; origin time 19:44:21.0 G.C.T.; magnitude 5.3. This location is in 
the San Andreas rift zone near Mussel Rock and is consistent with the observed distribution of 
intensities. 
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Epicenters of the aftershocks which were well recorded lie in a zone which is elongated in the 
direction of the San Andreas rift zone and approximately bisected by it. No breakage at the surface 
was observed in the rift zone, although there were landslides and slumps on the steep coastal cliffs 
between Mussel Rock and the southern edge of San Francisco. 

The main shock was not large enough to yield a complete fault-plane solution based on first motions 
at stations at great distances. However, the first motions at near-by stations are not consistent with 
right-lateral strike-slip movement on the San Andreas fault, suggesting instead movement of the 
continental side of the fault upward relative to the Pacific side. 


ENGINEERING GEOLOGIC INVESTIGATIONS FOR SOURCES OF RUBBLE* 


Ray C. Treasher 
U.S. Army Engineer District, San Francisco, Calif. 


Rubble is defined as large, irregular pieces of broken stone and is used to protect such structures as 
breakwaters, jetties, dams, and levees. The engineering geologist’s responsibility in the search for 
rubble is to provide the engineer with data which will facilitate design of the proposed structures and 
preparation of plans and specifications. The engineer needs to know the location of the source, the 
quality and quantity of stone available, and the cost of delivering the rubble to the structure. The 
engineering geologist uses his geologic training in a study of idle and operating quarries and unde- 
veloped outcrops and determines the quality of the stone and the quantities of various sizes of rubble 
that can be produced. He adds engineering data on the operation of the quarry, spoil facilities, trans- 
portation, and utilities. A qualified answer on the usability of any source usually is based on sub- 
surface exploration, such as trenches, diamond-drill holes, and quarry-test shots, and on the results 
of laboratory tests. Exploration data, however, should be evaluated with caution, and should be 
checked with the results of other studies, particularly the study of the service record. The engineering 
geologist must be prepared to discuss the reasons and the necessity for each item of the proposed 
study, not defensively or dogmatically, but as a justification for the expenditure of funds. He should 
make it clearly understood, however, that the quality of his decisions is in direct proportion to the 
quality of the available data. 


AGE RELATIONS BETWEEN ZONING AND TWINNING IN PLAGIOCLASE 


Joseph A. Vance 
University of Washington, Seattle, Wash. 


Study of the euhedrally zoned high- and low-temperature plagioclase in 300 igneous rocks shows 
that the polysynthetic twinning is primary. The critical twin-zone relations are seen on sections cut 
normal to the a crystallographic axis. These sections show a slight zig-zag of the 001 cleavage (devi- 
ating about 8° from a straight line), between adjacent albite lamellae, and a similar zig-zag of the 010 
cleavage with respect to pericline lamellae. In twinned a-normal sections with sharp euhedral oscil- 
latory zoning, the 001 and 010 zones aburptly change direction between twin lamellae in exactly the 
same manner; (hkl) zones are sensibly undeflected. Since the oscillatory zoning is primary, the 
plagioclase has therefore grown twinned. Since triclinic symmetry demands this zig-zag of zones and 
cleavage on twinned a-normal sections, polysynthetic twinning must be primary in euhedrally zoned 
plagioclase. Secondary rearrangement of the zones by atomic diffusion is rejected because this requires 
the operation of forces otherwise unknown, does not explain why only 001 and 010 zones make the 
zig-zag, and the delicate oscillations could not survive redistribution. 

These observations militate against secondary polysynthetic twinning in plagioclase, whether 
produced by mechanical stress (Emmons and Mann) or inversion of a hypothetical plagioclase of 
higher symmetry (Kohler and Raaz). Elimination of zones in alternate twin lamellae was not found 
in study of 3000 twinned and zoned plagioclase grains cut normal to their composition planes and is 


* Release authorized by the District Engineer 
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considered theoretically unlikely. Parallelism of internal zones and external form in euhedral pheno- 
crysts indicates crystallization in their present triclinic form and rules out inversion. 


CALCIUM MAGNESIUM CONTENT OF VEGETATION GROWING ON VARIOUS ROCKS 


Harry V. Warren and Robert E. Delavault 
University of British Columbia, Vancouver, B. C. 


An attempt has been made to utilize biogeochemistry in mapping magnesium-bearing carbonates 
through overburden. A large number of magnesium and calcium determinations have been made on 
trees and lesser plants growing over various rock types under widely different climatic conditions. 

Present evidence indicates that, with careful sampling, variations in the magnesium content of 
underlying rock may occasionally be reflected in the overlying vegetation. Unfortunately, factors 
which, as yet, we are unable to evaluate, frequently obscure results. 


PROBABLE CAMBRIAN-PRECAMBRIAN UNCONFORMITY IN 
NORTHEASTERN WASHINGTON 


Paul L. Weis 
U.S. Gevlogical Survey, Spokane, Wash. 


Geologic mapping in the Turtle Lake quadrangle, Lincoln and Stevens counties, Washington, has 
provided new information on the Cambrian-Precambrian boundary in that area. An apparent un- 
conformity exists between the Addy quartzite of Weaver (1920), now considered Lower Cambrian, 
and the underlying phyllites, quartzites, and dolomites of Precambrian (Belt?) age. In the Turtle 
Lake quadrangle, about 2800 feet of Precambrian rocks is cut out along a strike length of 8 miles. 
Bennett (1941) and Campbell and Loofbourow (1957) show three units about 5800 feet thick that 
constitute the uppermost Precambrian section 15 miles to the north. These units are not present in 
the Turtle Lake quadrangle. Therefore a thickness of as much as 8600 feet of Precambrian rocks 
may have been removed in the quadrangle. 

Faults and folds in the Precambrian rocks are not reflected in the younger rocks. In places, an 
angular discordance of as much as 15° can be seen. These relations indicate orogenic movements that 
did not affect the Lower Cambrian rocks in this area. 

The Cambrian-Precambrian relations observed in the field could be explained by a fault, but such 
a fault would have to maintain its stratigraphic position at the base of the Addy quartzite for at 
least 8 miles. This seems unlikely, as no basal Addy quartzite has been cut out. 


SEISMICITY OF THE EASTERN UNITED STATES 


James T. Wilson and Daniel J. O’Halloran 
Department of Geology, University of Michigan, Ann Arbor, Mich. 


The earthquake history of the eastern United States (taken here as east of the 102nd meridian) is 
examined for the period since 1915. An attempt is made to assign a magnitude on the basis of reported 
intensity and felt area. When only those earthquakes more severe than approximately magnitude 3 
are considered, an interesting distribution pattern related to the tectonic features of eastern United 
States emerges. 

The most striking features are an alignment from the New Madrid region across Ohio and out the 
St. Lawrence trough, and an alignment along the Appalachians. 
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SILURIAN REEF COMPLEX AND ASSOCIATED FACIES, CENTRAL NEVADA 


Edward L. Winterer and Michael A. Murphy 
University of California at Los Angeles, Calif.; University of California at Riverside, Calif. 


The Silurian System of the Great Basin comprises at least three major facies: (1) a dolomite facies, 
developed in Utah and in eastern and central Nevada (Laketown dolomite and Lone Mountain dolo- 
mite), (2) a limestone facies, locally dolomitized, exposed in central Nevada (Roberts Mountains 
formation), and (3) a chert-shale facies, probably deposited originally in central and western Nevada, 
but since carried eastward into central Nevada by large-scale thrust faulting. 

Mapping in the Roberts Mountains region in central Nevada shows that the Lone Mountain 
dolomite and the Roberts Mountains formation are largely, and perhaps wholly, Jateral equivalents. 
Evidence from textures, structures, and fossils indicates that the Lone Mountain dolomite represents 
a reef-and-bank complex, most of whose original features are obliterated by a strong metasomatic 
overprint, and that the Roberts Mountains formation comprises deeper-water reef-flank, off-reef, 
and basin deposits. A regional isopach map shows a generally north-trending band through the 
Roberts Mountains in which the Silurian is as much as four times as thick as the re,ional average for 
the system—that is, 4500 vs. 1000 feet. A facies map shows that this band nearly coincides with the 
boundary between the reef and off-reef facies. The reef-and-bank complex of the Lone Mountain 
dolomite merges with the thinner but lithologically similar Laketown dolomite to the east but inter- 
tongues abruptly with the lithologically dissimilar Roberts Mountains formation which thins very 
rapidly westward. 


KLIPPEN OF AMPHIBOLITE NEAR SKYKOMISH, WASHINGTON 


Robert S. Yeats 
University of Washington, Seattle, Wash. 


Two previously unknown klippen of migmatitized amphibolites overlying metamorphosed Late 
Paleozoic argillites, ribbon cherts, and volcanics have been mapped on Mt. Baring, Gunn Peak, and 
Merchant Peak in the northwestern Cascades 45 miles east of Seattle, Washington. These klippen are 
remnants of a major westward overthrust in Late Mesozoic time of Cascade crystalline metamorphic 
rocks over low-grade to nonmetamorphic geosynclinal rocks. : 

The Baring thrust, here described, has a minimum horizontal displacement of 9 miles in the area 
mapped. The autochthonous rocks have undergone only very low-grade metamorphism. The higher- 
grade amphibolites of the klippen have been granitized into banded hornblende gneisses, /it-par-lit 
gneisses, gneissose quartz diorites, and trondhjemites; this metasomatism is largely static. After 
metamorphism and granitization, the migmatites have been thrust over the Upper Paleozoic rocks, 
producing intense cataclasis in the autochthon and allochthon. The mylonites marking the main 
thrust plane range in thickness from a few inches to 100 feet. Several small ultrabasic bodies have 
been intruded along the main thrust plane. Above the main mylonite zone, the amphibolites are cut 
into subsidiary thrust slices. Locally, slices of lower plate rocks are caught in these shear zones, as 
far as 2000 feet above the main thrust. Both main and subsidiary thrust planes have been deformed 
into broad, open shear folds by closely spaced north- to northeast-trending high-angle faults. Contact 
metamorphism from two Tertiary igneous quartz diorite batholiths has altered all rocks involved in 
the thrusting. Younger than these batholiths are block faults which trend N. 70° W. 
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RESOURCES FOR STEEL IN WESTERN VIRGINIA 


Byron N. Cooper 
Virginia Polytechnic Institute, Blacksburg, Va. 


In western Virginia metallurgical coal, flux stone, iron ore, and water—the principal raw materials 
consumed by an integrated steel miil—are closely associated and readily available to a conveniently 
ocated manufacturing and shipping point. The inventory of available raw materials includes: 

(1) 250 million tons of high-magnesium dolomite and 200 million tons of limestone suitable for 

flux; 

(2) close access to both high-volatile and low-volatile bituminous coals of superior metallurgical 

grade, in quantities sufficient to supply mill needs for hundreds of years; 

(3) an adequate supply of industrial water from New River; and 

(4) 2.5 billion tons of quarriable, low-grade iron ore from which approximately 500 million tons 

of concentrate containing more than 60 per cent iron can be produced at relatively low costs 

Economic factors summarized show that western Virginia is an excellent location for a large inte- 
grated steel mill. 


GENETIC SIGNIFICANCE OF DOLOMITE-SILICA RELATIONSHIPS WITHIN 
KNOX DOLOMITE NEAR BLACKSBURG, VIRGINIA 


R. V. Dietrich, C. R. B. Hobbs, Jr., and W. D. Lowry 
Virginia Polytechnic Institute, Blacksburg, Va.; Virginia Division of Mineral Resources, 
Blacksburg, Va.; Virginia Polytechnic Institute, Blacksburg, Va. 


Features of and relations between dolomite, chert, and quartz sand grains in several stratigraphic 
zones within the Cambro-Ordovician Knox dolomite near Blacksburg, Virginia, bear directly on 
where, how, and when dolomite and chert form. 

Features of the associated dolomite include relict clastic structures, ripple marks, mud cracks, 
differential compaction structures over chert nodules, and rare relict pellet texture. The chert is 
white to gray and occurs chiefly as numerous nodules with short axes perpendicular to bedding. 
Commonly, bedding laminations extend through the nodules. Some chert shows well-defined pellet 
texture. Many nodules contain dolomite rhombs, are skeletal with their lower portions least de- 
veloped, show concentric (accretionary) color and grain-size banding, and exhibit shrinkage cracks. 
A few were broken, and the resulting fragments were displaced before deposition of superjacent 
sediment. Typically, sand grains within chert have retained their original outlines but within dolomite 
have been etched. 

The following paragenesis is suggested: The parent sediment was CaCOs, typically pelletiferous. 
It was deposited in relatively quiet shallow marine water. At least part of the area of sedimentation 
Was exposed intermittently to the atmosphere. Chert and dolomite were formed by replacement. 
Silicification was at or within a few inches of the sediment-sea water interface. Dolomitization was 
at or within several feet of the sediment-sea water interface. Dolomitization was under abnormally 
alkaline conditions. Silicification interrupted or arrested dolomitization at various stages of replace- 
ment. The silica was derived from a neighboring low-lying landmass which was undergoing chemical 
Weathering. 
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STRUCTURAL PETROLOGY OF A WEISNER QUARTZITE SAMPLE FROM 
BLUFFTON MOUNTAIN, CHEROKEE COUNTY, ALABAMA 


Willard H. Grant 
Department of Geology, Emory University, Ga. 


The quartzite has been subjected to intense mechanical] deformation. Significant recrystallization 
appears only in the most finely crushed material along the major slip planes. Three distinct mega- 
scopic slip planes occur which intersect in 6 and give direct evidence of rotational movement and 
slip direction. These are: S,, a slickensided minor fault, S, a major secondary slip plane, and S$. a 
minor secondary slip plane. Microscopic slip planes are S; and S, which appear as fractures in single 
grains and narrow granulation planes. These planes intersect in a, the principal movement direction. 
Microscopic hairlike cracks also intersect in 6. Between the strongly sheared megascopic S planes 
are patches of less-deformed, rounded, millimeter-size grains which show undulatory extinction, 
mortar structure, and tiny fractures. 

Petrofabric diagrams of more than 1400 quartz axes show that the majority of quartz grains lie 
with the prism zone subparallel to one of the S planes. The height of the maxima depends upon the 
amount of movement which a particular S plane has undergone. Thus the highest maximum, 8%, 
occurs in a partial diagram of small grains in S, and S;. The lowest maxima, 2%, appears to belong 
to S; and S;. Deformational inhomogeneity is shown by variations in various partial diagrams. 
Evidence indicates that many grains were rotated prior to the development of fractures. 


SECONDARY LIMONITE DEPOSITS OF SOUTHERN MISSOURI* 


William C. Hayes 
Missouri Geological Survey and Water Resources, Rolla, Missouri 


Peak production of brown iron ore from Missouri was attained in 1956 when 112,775 tons was 
shipped from mines in the southern part of the State. 

Two types of limonite deposits have previously been distinguished on the basis of origin: (1) 
primary ores formed by limonite replacing residual clay and dolomite and sandstone matrix; and 
(2) secondary ores formed by alteration of pyrite and marcasite to limonite. 

The greater part of present production is from the West Plains district consisting of Howell, 
Oregon, and parts of adjacent counties, and all the deposits in the district are of secondary origin. 
Secondary deposits are characterized by disseminated fragments of limonite in a cherty clay residuum 
overlying Cambrian and Ordovician dolomites. Deposits range in size from a few square yards to 
several acres in extent and from a few feet to over 200 feet in thickness. 

Recent exploratory drilling and electrical resistivity surveys indicate that the deposits are situated 
in and above depressions in the bedrock. These depressions are interpreted as relic sinkholes or highly 
jointed or broken areas. 

Limonite occurs in four ways: as boulders, pipe ore, tabular ore, and ocher. The stalactitic pipe 
ores are believed to have formed by deposition of the iron sulfides in open spaces above the water 
table, and the tabular and boulder ores below the water table. 


X-RAY PROPERTIES OF THE CLAY MINERALS IN SOME CAROLINA BAY SEDIMENTS 


Roy L. Ingram and Maryanne Robinson 
Department of Geology, University of North Carolina, Chapel Hill, N. C.; Department of Zoology, Duke 
University, Durham, N. C. 


The clay minerals of 23 samples from the sediments of White Lake, Singletary Lake, and 3 small 
filled Carolina Bays near Laurinburg, North Carolina, were studied by X-ray diffraction methods. 
Kaolinite, illite, and a 14 A clay mineral (“chlorite’’?) were identified. White Lake and Singletary 
Lake have a kaolinite—“chlorite”—illite assemblage, and the filled bays have a kaolinite—‘“chlorite” 
assemblage. 


* Publication authorized by the Director, Missouri Geolegical Survey and Water Resources. 
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GEOLOGY OF THE WHITE THORN FAULT IN NORTHERN CHRISTIAN COUNTY, 
KENTUCKY 


Willard Rouse Jillson 
301 W. Third Street, Frankfort, Ky. 


The White Thorn fault, one of the most interesting and complex disturbances in southwestern 
Kentucky, is located about 5650 feet north of the village of Crofton, and 13.5 miles north of the city 
of Hopkinsville in northern Christian County, Kentucky. Its strike is N. 75° E. Although it is only 
about 8 miles long, its regional importance is seen in the fact that it marks the southwestern boundary 
of the West Kentucky Coal Field, which but for this remarkable fault might have extended some 8 
or 10 miles farther south. This paper and its accompanying structural section describes the White 
Thorn disturbance in detail for the first time. 


PURE SCIENCE IN THE SEARCH FOR THE LESSER-KNOWN OR EXOTIC 
ELEMENTS 


Donald H. Kupfer 
Geology Department, Louisiana State University, Baton Rouge, La. 


Cesium, Ga, Ge, Hf, In, Nb, Rb, Re, Se, Ta, Te, Tl, and the rare earths are being used in alloys, 
electronic parts, and nuclear reactors; boron, beryllium, and lithium for jet fuels. Production is 
generally from by-products because many exotics form no minerals; minerals of the others are rare. 
Exploration is by spectrographic checks on some common mineral in which exotic atoms can proxy 
forcommon atoms. Ground-water, surface-water, and agricultural laboratories have excellent data on 
distribution of some exotics (trace amounts strongly affect crops). Techniques of pure science, es- 
pecially geochemistry, can identify the province, favorable rock type, and weathering cycle of the 
element. Does the element occur with diorite or granite? After weathering does it follow sand, clay, 
carbonate, evaporite, bog ore, hydrocarbon, or heavy minerals? Does metamorphism concentrate or 
disseminate it? Where factual data are lacking, data can be inferred from position in the periodic 
table and ionic radius. 

State-size studies of exotic elements are now practical. Any widespread abnormal concentration 
of an element suggests a province for this element and need for further studies. Concentration may 
be found by geochemical studies, punch-card compilation of analyses, and spectrographic checks of 
mill heads, tailings, and concentrates from every mining operation. Any large deposit of uncommon 
material is potentially economic. Every large bed or deposit in the area should be checked for un- 
usual properties, exotic elements, or unrecognized potential uses. Examples are glauconite, nepheline 
syenite, bedded iron, and impure coal—materials common in parts of the Southeast but uncommon 
nationally. 


RELATION OF SURFACE AND SUBSURFACE STRUCTURES IN WEST VIRGINIA 
TO STRUCTURES OF THE VALLEY AND RIDGE PROVINCE 


John C. Ludlum 
Department of Geology, West Virginia University, and West Virginia Geological Survey, 
Morgantown, W.V. 


Widespread and more easterly exploration and drilling for gas in West Virginia in recent years 
has greatly increased knowledge of the nature and distribution of both surface and subsurface struc- 
tures. It substantiates conclusions reached by some exploration geologists more than a decade ago 
that post-Devonian formations of the Allegheny Plateau in Pennsylvania and northern West Vir- 
ginia are much less deformed that pre-Mississippian formations of the subsurface. According to the 
present study, structures of pre-Mississippian formations at depth beneath that part of the Plateau 
are comparable in amplitude, degree of compression, and nature of faulting to structures of the Val- 
ley and Ridge. It follows that definition of an Appalachian Structural Front in the area considered 
must depend on some contrasts in the vertical position of the folds rather than on any sharp areal 
change in their character or distribution. If the post-Devonian formations were removed from much 
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of the Plateau, the Valley and Ridge structures would continue westward across the Front as now 
delineated, and any belt of “open folds” or “foreland folds’ would similarly be displaced westward, 

The broad pattern of disharmonious folding and faulting now visualized in sectional view across 
the Appalachian basin could have resulted from one general period of deformation terminating the 
Paleozoic. During that time recurrent uplift of the present Piedmont belt with marginal areas re- 
sponding to the outward and downward gravitational pull might account for the deformation in the 
manner illustrated by Bucher in his experiments with stitching wax. The mechanism furnishes 
justification for protagonists of both “thin-skinned” and “thick-skinned”’ schools of thought con- 
cerning Appalachian deformation. 


GRAVITY STUDIES IN NORTH CAROLINA 


Virgil I. Mann 
Department of Geology and Geography, University of North Carolina, Chapel Hill, N. C. 


Nearly 500 new gravity stations have been established in North Carolina with a Worden Gravim- 
eter. The stations have been located so that they may be used for preliminary regional interpreta- 
tion, as well as to serve as a framework for future gravity work in the State. 

Three areas have been covered with sufficient stations to permit partial geologic interpretation. 
They are (1) a brackish-water area near Wilmington, (2) the Carolina Slate Belt, and (3) a regional 
line from Wilmington to Hot Springs. 


SEDIMENTARY KAOLINS OF THE SOUTHEASTERN UNITED STATES— 
THEIR PRESENT AND FUTURE ECONOMIC IMPORTANCE 


Haydn H. Murray 
Georgia Kaolin Company, Elizabeth, N. J. 


The white, high-grade kaolins of Cretaceous age are simple mineralogically; they contain kaolinite 
and minor amounts of montmorillonite, muscovite, quartz, and accessory heavy minerals. The 
particle-size distribution of these kaolins is such that minerals other than kaolinite can be removed 
by proper processing. The kaolins are mined from the Tuscaloosa formation, which crops out in a 
narrow belt, paralleling the Fall Line in Georgia and South Carolina. In recent years, this area has 
produced more than 1,500,000 short tons of kaolin per year, valued at more than $25,000,000. Each 
year these kaolins find their way into new uses and, with additional research, will be used in many 
additional industries and products. The sedimentary kaolins are presently used mainly in the paper, 
rubber, paint, plastics, ceramics, adhesives, and insecticide industries, and also in other industries 
and products. The relatively high-grade, light-colored deposits are becoming increasingly difficult 
to locate. Research is seeking ways to beneficiate the lower-grade deposits. Because of the importance 
of these kaolin deposits to our national economy, more-detailed geologic studies must be made. 
Many perplexing problems concerning the geology and geologic history need additional study, in- 
cluding (1) environment of deposition; (2) more precise dating and correlations; (3) fluid dynamics 
of deposition; (4) origin—allogenic or authigenic? 


PRESENT AND FUTURE SOURCES, USES, MARKETS, AND PRICES OF 
FLORIDA’S MINERAL RESOURCES 


Stanley O. Reichert 
Department of Mechanical Engineering, University of Florida, Gainesville, Fla. 


A survey of the present status and future outlook of Florida’s mineral resources is pertinent be- 
cause the development of the full potential of Florida’s unique combination of mineral resources 
depends on the trends in the future more than does that of perhaps any other state in the United 
States. This is because Florida has minerals containing unusual elements, such as titanium, thorium, 
zirconium, hafnium, uranium, rare earths, and fluorine, the future potential uses of which are prob- 
ably great. 
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For 1955 phosphate rock produced was valued at 49% of the total value ($108,917,000) of the 
State’s mineral production, followed by crushed limestone (19.5%), titanium minerals (about 6%), 
clays (4.3%), sand and gravel (4.0%), oyster shell (1.5%), zircon (1.3%), and about 14% for “un- 
distributed” mineral products (mainly limestone and clay used to make cement and lime, dimension 
limestone, abrasive garnet, petroleum, etc.) 

Phosphate rock will probably always account for about half the total value, but titanium minerals, 
zircon, and special-purpose clays such as kaolin and fuller’s earth are growing fastest in rate of ton- 
nage increase and value per ton. These, along with lime, by-product uranium and fluorine from the 
phosphate industry, and by-product thorium and rare-earth metals from the titanium mining in- 
dustry, appear to have the brightest future. Since prospects of finding more oil and gas in Florida 
appear poor, natural gas piped from Louisiana and Texas will, if sold cheaply, provide a big boost 
to Florida’s mineral industry. 


MARINE PLEISTOCENE OF EASTERN NORTH AMERICA IN COMPARISON 
WITH THAT OF THE MEDITERRANEAN 


Horace G. Richards 
Academy of Natural Sciences and University of Pennsylvania, Philadelphia, Pa. 


The marine Pleistocene deposits of the Atlantic Coast of North America north of the Terminal 
Moraine consist primarily of late Wisconsin or post-Wisconsin deposits laid down by the sea when 
this area was still depressed by the ice. Subsequent recovery caused the land to rise. This history is 
very similar to that of Scandinavia, and many of the species of fossil mollusks are identical. 

South of the Terminal Moraine, only one marine Pleistocene shore line has been definitely recog- 
nized. This has been correlated with the Cape May and Pamlico formations and is dated from the 
Sangamon interglacial stage. Some evidence for older shore lines has been presented, but they are 
not positively identifiable, at least on paleontological grounds. 

This situation is different from that of the Mediterranean and elsewhere in Western Europe, for 
example in Morocco, Italy, and Lebanon. It is suggested that the differences in the elevation of the 
Pleistocene shore lines on the two sides of the Atlantic can best be explained by the greater elevation 
of the land in the Mediterranean region than on the Atlantic Coastal Plain. As would be expected, 
few species of mollusks are common to the Pleistocene deposits of Eastern North America and the 
Mediterranean. 

The Pleistocene shore lines of the Coastal Plain of the Gulf of Mexico have been affected by earth 
movements, both elevation and subsidence, unrelated to the glacial ice. 


EOCENE CONGAREE FORMATION OF CENTRAL SOUTH CAROLINA 


LeBrun N. Smith 
Foote Mineral Company, Kings Mountain, N. C. 


The type locality of the Congaree formation is in an area containing Cretaceous and Eocene rocks, 
southeast of Columbia, South Carolina. The Cretaceous formations are the Tuscaloosa and the over- 
lying Black Creek. The basal Eocene in this area consists of Claiborne units, of which the Congaree 
is the oldest. This formation is overlain by the McBean, which is equivalent to the Lisbon of Ala- 
bama. In the southeastern part of the area, the Santee limestone occupies the upper part of the Mc- 
Bean section and is equivalent to the Ostrea sellaeformis zone of the Lisbon. The Barnwell formation, 
equivalent to the Ocala limestone of Alabama and a member of the Jackson group, overlies the 
Claiborne. 

The Congaree in this area consists of shale interbedded with light-weight silicified siltstone and is 
17 to 22 feet in thickness. The only fossil found to date is Anadontia? augustana Gardner, a large 
pelecypod. In Alabama, this fossil occurs only in the Tallahatta formation, and the Congaree is 
therefore equivalent to the Tallahatta. Formerly, the name Congaree was applied to various fullers- 
earth type clays in both South Carolina and Georgia and was discarded as these clays were found 
to be of different ages. As the type locality and the age are now firmly established, the name is again 
in use. 
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ALIGNMENTS OF OIL AND GAS FIELDS IN SOUTH-CENTRAL SOUTH 
LOUISIANA 


R. O. Steinhoff 
Department of Geology, Tulane University, New Orleans, La. 


Sediments constituting the geologic section in South Louisiana have an arcuate strike along which 
there are a multitude of down-to-the-basin faults. The faults suggest a basinward movement of the 
sediments. Such a movement in combination with the arcuate strike, concave toward the basin, 
would result in lateral shortening of the section. This shortening is compensated by upward buckling 
of the beds into anticlinal folds at frequent intervals at right angles to the strike. The producing 
structures are associated with these folds and hence are aligned normal to the regional strike. 

Such alignments of oil and gas fields exist throughout south-central South Louisiana. In addition, 
there are trends that parallel the strike. These are due primarily to the concentration of structures 
and down-to-the-basin faults along hinge lines. The overall result is a grid or checkerboard-like 
pattern. All the fields in south-central South Louisiana, regardless of the type of structure, appear 
to fall within such a pattern. Examples of this pattern may be cited throughout other portions of 
South Louisiana. 

Recognition of this orderly arrangement of the producing structures throughout South Louisiana 
should enable us to predict new areas of interest. The end result is a valuable tool in the search for 
oil. 


EXPLORATION FOR RADIOACTIVE DEPOSITS IN NORTHEAST TENNESSEE 


George D. Swingle and Stuart W. Maher 
Tennessee Division of Geology, Knoxville, Tenn. 


Recent investigations by the Tennessee Division of Geology of anomalously radioactive areas in 
Northeast Tennessee have revealed a variety of radioactive deposits. The deposits occur in the 
Precambrian crystalline rocks and in the basal clastic rocks which overlie them. The deposits in the 
sediments are heavy-mineral concentrations of limited areal extent, but which occur in various strati- 
graphic zones. Uranium- and thorium-uranium-bearing pegmatite vein deposits occur in the crystal- 
line complex. 

Geologic guides for the pegmatite and vein deposits are fracture zones and altered rocks which 
occur in the Beech granite-Cranberry granite contact. 

Radioactivity of the deposits in most natural exposures is due tc the presence of the resistate 
thorium-bearing materials. 

Analyses of surface waters for uranium indicate that the average background in the region of the 
deposits is 0.20 parts per billion or less, whereas values above this represent anomalies. 


CAPE CANAVERAL AND THE CROSS-PENINSULAR DIVIDE* 


William A. White 
Department of Geology and Geography, University of North Carolina, Chapel Hill, N.C. 


Cape Canaveral, the most prominent salient of the Florida East Coast, is a southward longshore 
growth from an ancestral cape located at the present False Cape. False Cape is the easternmost and 
youngest of a series of old capes which extend along a straight line from the axis of the peninsula to 
the present coast. Similarly, Indian Rocks is the most prominent salient of the west coast of the 
peninsula and is the westernmost of a series of old capes which extend westward from the axis of 
the peninsula along an extension of the same line. 

Both False Cape and Indian Rocks are presently the heads of pairs of opposed lagoons behind 
ofishore bars. With further emergence the heads of these lagoons will probably become heads of 
opposed fresh-water streams. The principal divide of the peninsula lies along the line of former capes 
and is assumed to have been localized by multiple repetitions of this process. Along this straight 
divide the heads of the south-flowing Peace and Kissimmee rivers oppose the heads of the north- 


* By permission of the Florida State Geological Survey. 
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flowing Withlacoochee, Oklawaha, and Econlockhatchee rivers. The St. Johns and Indian rivers 
transgress the line short distances in opposed directions. 

This line of capes seems to result from a fault and an eroded flexure which juxtapose rocks of 
different resistance. Apparently a resistant rock so exposed was able to affect shoreline processes 
as far seaward as the present False Cape where deeper water stabilized it, and Cape Canaveral grew 


southward from it. 


BROWN TRON ORE DEPOSITS OF MC MINN, MONROE, AND BLOUNT 
COUNTIES, TENNESSEE 


Robert Lake Wilson 
University of Chattanooga, Chattanooga, Tenn. 


Since 1950 there has been a renewed interest in the brown iron ores which occur in the Valley of 
East Tennessee. Total production during this period was nearly 100,000 tons. 

These deposits are hematite-limonite ores that occur primarily as residual surface material over- 
lying the Knox dolomite. The relationship of the deposits to the underlying geologic formations is 
somewhat obscured by the ‘hick blanket of residual and transported materials. However, detailed 
geologic mapping has shown that the majority of the iron deposits are found overlying the Kings- 
port limestone. This limestone occurs in the upper part of nearly 3000 feet of dolomitic beds known 
as the Knox group or Knox dolomite. 
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ROCKY MOUNTAIN SECTION (GSA) 
MIOCENE AND PLIOCENE ROCKS OF SOUTHERN SOUTH DAKOTA 


Allen F. Agnew 
South Dakota Geological Survey, Vermillion, S. D. 


Recent stratigraphic studies by the South Dakota Geological Survey have shown that rocks of 
both Miocene and Pliocene age are present in south-central South Dakota, in contrast with earlier 
mapping there. These studies are continuing. 

Miocene rocks are the Arikaree pinkish ashy sands, unconsolidated in the eastern part except for 
thin zones of pink slabby limestone. Facies changes to the west show the Monroe Creek formation 
of the Arikaree group of Nebraska—a semiconsolidated bluff-forming sandstone with zones of 
cemented sand nodules and horizontal “pipes”. A local cross-bedded slabby sandstone at the base 
probably represents the Gering formation of Nebraska. The Miocene rocks thicken westward from 
about 450 feet to approximately 600 feet. 

Pliocene rocks are more uniform in lithology and thickness and are assigned to the Valentine 
(below) and Ash Hollow formations of the Ogallala group of northern Nebraska. The Pliocene rocks 
are gray and contain more ash than the Arikaree. The Valentine is unconsolidated; the Ash Hollow, 
however, is generally well-cemented with calcareous material and possesses a network of calcareous 
plant rootlets and clumps of Celtis seeds. A bed of volcanic ash at the contact of the Valentine and 
Ash Hollow is widespread. The Pliocene rocks are 100-200 feet thick. 

Pre-Ogallala channels in the Arikaree of the Pine Ridge area contain Ogallala sands with Pliocene 
bones, more than a hundred feet below the crests of near-by hills of Monroe Creek rocks. 

In the eastern part of southern South Dakota and southward through Nebraska and Kansas 
opalized greenish beds occur near the Valentine-Ash Hollow contact. This Bijou facies is thought to 
be due to the work of shallow ground water during late Pliocene time. 

Vertebrate fossils are more abundant in the channel sediments than elsewhere. Studies are con- 
tinuing at the Museum of the South Dakota School of Mines and Technology. 


GEOLOGIC PROBLEMS IN NORTHEASTERN NEW MEXICO* 


Brewster Baldwin 
New Mexico Bureau of Mines and Mineral Resources, Socorro, N. M. 


' Bedrock formations in Union County include (thickness in feet): purple beds (115+-), red beds 
(245-550), Sloan Canyon formation (0-100), and Sheep Pen sandstone (0-107) of Triassic Dockum 
group; Jurassic Exeter sandstone (10-80) and Morrison formation (180-550); and Cretaceous 
Purgatoire formation (6-100), Dakota formation (90-190), and Graneros shale (125). Younger 
Cletaceous formations are exposed in the northwest corner of the county, northwest of Sierra Grande 
Arch. The regional eastward dip is steepened along north-trending Guy monocline in north-central 
Union County and along Clapham monocline, which trends southeast through south-central Union 
County. Late Cenozoic deposits (0-350) rest on an uneven bedrock surface with moderate relief. 
Pliocene(?) to Recent basalt flows form long tongues and broad sheets. About 80 volcanic centers are 
aligned in sets with a west-northwest trend. Algal limestone rests on flows of Clayton age (Collins, 
1949), 


* Publication authorized by the Director, New Mexico Bureau of Mines & Mineral Resources. 
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Although the general study of Union County has outlined the main geologic features, many 
problems merit detailed field and laboratory study: (1) depositional environment of the complex 
facies of the Dakota formation; (2) the origin of the clastic plugs and Sheep Pen sandstone (Parker, 
1933) in relation to erosion during pre-Exeter folding; (3) the age of and relation between the mono- 
clines and the Sierra Grande Arch. Subdivision of the late Cenozoic sediments and volcanic rocks 
would require a combination of geomorphic, pebble-source, and petrographic methods. Access, 
climate, outcrops, and many bench marks make Union County an ideal field area. 


BIOHERMAL LIMESTONE AND CYCLIC REPETITION IN ROCKS OF 
PENNSYLVANIAN AGE, SOUTHEASTERN SANGRE DE CRISTO 
MOUNTAINS, NEW MEXICO 


Elmer H. Baltz, Jr. 
U.S. Geological Survey, Albuquerque, N. M. 


A biohermal facies of the gray limestone member of the Madera limestone of Pennsylvanian age 
occurs in the southeastern Sangre de Cristo Mountains, New Mexico, on a shelf between the Paleozoic 
Rowe-Mora geosyncline at the west and Pedernal uplift at the east. Limestone, composed mainly 
of brachiopod shells, corals, and crinoid columnals cemented by algal limestone, is interbedded with 
shale and thin sandstone. Undulatory bedding in the limestone results from small mounds of coral 
and algal growths. Bioclastic and foraminiferal limestone is associated with biohermal limestone. 

Near the Pedernal uplift, limestone forms more than half of the gray limestone member, and some 
beds thicken to form distinct bioherms. Limestone beds thin northwestward across the shelf and 
become subordinate in thickness to shale. Along the western and northern margins of the shelf the 
biohermal facies grades into a geosynclinal facies which is dominantly shale with thick sandstone 
and thin nonbiohermal limestone beds. 

On the shelf the gray limestone member exhibits many cyclic repetitions of lithology ranging from 
10 feet to more than 100 feet thick. From base to top each cyclic succession is: (1) biohermal lime- 
stone; (2) calcareous shale with interbedded thin undulatory limestone; (3) carbonaceous claystone, 
siltstone, and sandstone. The upper unit is absent locally from some sequences because of local intra- 
formational unconformities. Cyclic sedimentation is evident also in the geosynclinal facies. Correla- 
tion of individual sequences over wide areas is uncertain because of poor exposures and similarity 
of lithology of all cyclic sequences. 


GEOLOGY OF THE JARRE CANYON—DAWSON BUTTE REGION, DOUGLAS COUNTY, 
COLORADO 


William H. Bauer 
Colorado School of Mines, Golden, Colo. 


The mapped area lies 20 miles southeast of Denver, Colorado, and includes portions of Ts. 7, 8, 
and 9 S., R. 68 W. Physiographically, it is at the junction of the High Plains and the 
Rocky Mountains. 

The oldest exposed rocks are the Precambrian Pikes Peak granite and the Idaho Springs forma- 
tion. The Sawatch Sandstone (Cambrian) can be identified as far north as section 17, T.9 S., R. 68 W. 
The Sawatch is overlain by the following formations: Fountain (Pennsylvanian), Lyons and Lykins 
(Permian), Ralston and Morrison (Jurassic), Dakota, Benton, Niobrara, Pierre, Fox Hills, and 
Laramie (Cretaceous). The Lower Dawson Arkose (Tertiary) is conformable with the underlying 
strata; however, the Upper Dawson rests unconformably on deformed strata near the mountain 
front. 

The structural pattern is a result of faulting that consists of a series of anastomosing, high-angle 
reverse faults dipping westward and trending north-northwest. The maximum displacement occurs 
in T. 8 S. where only a single fault is present. To the north and south, the displacement decreases as 
a result of distribution on each of the several branches of the main fault. Superposed across the re- 
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verse faults is a set of northeast-trending normal faults. The faulting is Late Cretaceous or Early 
Tertiary. 

Numerous “sandstone dikes,’’ possibly Cambrian, of variable thickness which strike approxi- 
mately north are present in the granite near its contact with the sediments. Several thin quartz- 
barite and flourite-barite-sphalerite-galena veins are also present in the granite. 


STRATIGRAPHIC SIGNIFICANCE OF TRILOBITE ZONES IN THE PEERLESS AND 
MANITOU FORMATIONS, COLORADO 


Robert R. Berg and Reuben J. Ross 
Cosden Petroleum Corporation, Denver, Colo.; U. S. Geological Survey, Denver, Colo. 


In the area of Manitou Park, a fauna of Late Cambrian age is present in the Peerless formation 
in a unit of sandy glauconitic dolomite. This fauna includes species of Idahoia, Ellipsocephaloides, 
and Ptychaspis. The overlying Manitou limestone contains in its basal portion species of four lower- 
most Ordovician zones of Utah (Ross, 1951; Hintze, 1952): the B, C, D, and E or F zones. Sixteen 
species are present, two of which are new. Distribution of the zones suggests that the Manitou lime- 
stone is older in the northern part of the outcrop area and overlaps the truncated Upper Cambrian 
rocks from north to south. 


GEOLOGY OF WELLSVILLE MOUNTAIN, CACHE AND BOX ELDER COUNTIES, UTAH 


Stanley S. Beus and Ronald H. Gelnett 
Utah State University, Logan, Utah 


Wellsville Mountain is a narrow north-northwest-trending fault-block mountain at the northern 
end of the Wasatch Range about 25 miles due north of Ogden, Utah. 

The stratigraphy is comparable to that of the Logan quadrangle immediately to the east. Pre- 
cambrian rocks are exposed in a limited area near the southwest corner and are overlain by at least 
20,000 feet of northeast-dipping Paleozoic rocks representing every systen, possibly including the 
Permian. 

A new fauna in the upper Jefferson formation of Devonian age is tentatively correlated with the 
fauna of the upper Devils Gate limestone of central Nevada. The Beirdneau sandstone member of 
the upper Jefferson and the Leatham formation of Mississippian age are absent. About 6600 feet of 
the Oquirrh formation of Pennsylvanian age is exposed near the north end. The presence of Des 
Moines fusulinids at the base of the Oquirrh and upper Virgil fusulinids throughout the interval 
1000-2000 feet above the base indicates an absence of lower Pennsylvanian rocks and suggests that 
the upper 4600 feet may be in part Permian. Rocks of the Wasatch formation and Salt Lake group 
of Tertiary age are exposed in the foothills at the northeast corner. 

The dominant structure is a northeast-dipping homocline bounded in part by north-trending high- 
angle faults and cut by a series of northeast-trending high-angle faults. 


STRUCTURES IN THE PRECAMBRIAN ADJACENT TO THE FOOTHILLS NEAR 
DENVER, COLORADO 


Margaret Fuller Boos 
2036 South Columbine, Denver, Colo. 


Structures involving crystalline rocks of Front Range adjacent to the foothills between Ralston 
fault on the north and Pikes Peak batholith on the south are within the mobile belt that affects the 
Precambrian and the steep west margin of Denver Basin along the Golden underthrust belt. 

Faults, folds, shears, and plutons composed of Mount Morrison granitic rock, Boulder Creek, 
Silver Plume-type, and Mount Olympus granites that contrast in lithology with the mica schists, 
quartz gneisses, and bedded quartzites and calcareous rocks of Idaho Springs age and the gneisses 
of the Swandyke formation control the structural pattern. 
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The local Precambrian structures described include (1) the folded belt of Golden Gate area south- 
east of Boulder Creek batholith, (2) the axes of upthrust Precambrian folds within 2 miles of the 
foothills that turn from northeast to dominantly northwest along the hinge of the mobile belt in the 
Mount Vernon Canyon area, (3) miniatures in the crystalline rocks exposed along Bear Creek Can- 
yon of the underthrusts in the foothills part of the Golden fault belt, (4) faults of breccia reef type 
and minor horsts of Rampart Range type between Floyd Hill fault and Ken Cary! Ranch that affect 
both Precambrian granite plutons and foothills beds, (5) folded and faulted metasediments west of 
Roxboro Park and north of Pikes Peak batholith. 

The general crystalline rock pattern and its minor structures were initiated in Precambrian time. 
The old fracture patterns were reactivated, locally, by Laramide orogenies. Structural designs ad- 
jacent to the foothills, projected east into the basement complex, have structural import as part of 
the mobile belt in west margin of Denver Basin. 


EXFOLIATION DUE TO RELEASE OF CONFINING PRESSURE IN MASSIVE 
SANDSTONES OF THE COLORADO PLATEAU 


William C. Bradley 
University of Colorado, Boulder, Colo. 


Massive crystalline rocks commonly display conspicuous sheet jointing that is unrelated to pri- 
mary fabrics, mineralogy, or decomposition but is related to topography in that the jointing exists 
only at shallow depths and parallels the present surface. Gilbert, Matthes, Farmin, Jahns, and 
others have attributed such large-scale exfoliation to expansion following the release of confining 
pressure as deeply buried rocks are exposed by erosion. This mechanism is suggested to explain 
massive Colorado Plateau sandstones that show a near-surface sheet jointing that duplicates the 
present topography but is unrelated to bedding or master joints. The jointing is interpreted as 
exfoliation resulting from the release of confining pressure by canyon cutting. Removal of portions 
of exfoliation plates produces a common variety of cave on the Colorado Plateau, distinguishable 
by the presence of a joint at the back of the cave. 


STOCHASTIC GEOLOGY 


Bahngrell W. Brown 
Montana School of Mines, Butte, Mont. 


With the furor of effort by sincere scientists to further geology through quantitative research it is 
easy to lose the uniquely geological viewpoint. T. C. Chamberlin expressed this basic concept in 
his principle of “few principles” or “multiple working hypotheses”. In his statement of multiplicity 
of natural variables there is implied recognition of the probabilistic nature of geology. Geology has 
from its founding been and should continue to be stochastic. 

Stochastic science is the quantitative calculus of matters like expectation and correlation. Proba- 
bility is a statement of likelihood. Random values lose their randomness when selected. Probabilities 
may be conditional or unconditional. But, when an event occurs, it has no longer any probability of 
occurrence. There may be cogent reasons for the statement of a probability, or its belief may be 
based on insufficient data. In both, stochastic evaluations are expressions of degrees of ignorance 
concerning the verification, from opposite premises. The anticipation of a geologic event may range 
from P = 0 to P = 1. The statement of equal likelihood, P = 0.5, reflects either the equivalent 
state of the knowledge condition or the nascent state of the ignorance condition. 

The application and interpretation of stochastic models in geologic problems of sampling, sta- 
tistics, correlation, and conjecture should be made in the light of degree and state of knowledge. 
Some geologic principles may be conjectures of the insufficient sort. 
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PENNSYLVANIAN PALEOGEOGRAPHY AT McCOY, COLORADO 


John Chronic and Calvin Stevens 
University of Colorado, Boulder, Colo. 


Cyclic sedimentation and excellent exposures of the Minturn formation around McCoy, in west 
central Colorado, have given opportunity for unusually detailed studies of local paleogeography. 

Within an interval of 2000 feet, between the Molas (?) formation and the top of the Jacque Moun- 
tain limestone, at least 19 distinct lithologic cycles are present. Most of these consist of an alternation, 
in many cases with very sharp contacts, between coarse, red, arkosic sandstone or conglomerate and 
gtay or greenish-gray sandstone, shale, or limestone beds. In a few places the sandstones and con- 
glomerates contain a few marine fossils; the shales and limestones are abundantly fossiliferous. Most 
beds are lenticular and discontinuous; a few can be correlated across the area. Generally the beds 
thin to the east or northeast. Less than 10 miles east of McCoy, the entire section has thinned to a 
few hundred feet and consists entirely of red beds. Within a few miles of McCoy several ancient shore 
lines have been defined. Most of them extend across the area from southeast to northwest, but some 
are essentially north-south. 

In at least one of the fossiliferous units, zonation of the fossil assemblages and lithologic types 
can be observed to change with distance from shore, that is, from east to west. In the easternmost 
occurrence, the greenish beds are thin and sandy and contain only a few thick-shelled, large, abraded 
gastropods and brachiopods. About a quarter of a mile west of this, shaly sediments containing 
multitudes of corals, bryozoans, brachiopods, and mollusks occur at the same stratigraphic level. Less 
than a mile farther west, echinoderms appear as the dominant form, and the unit consists of thick 
beds of limestone with partings of shale. About 2 miles west of this, fusulinids appear in considerable 
numbers in the equivalent, thick, dark-gray limestone. 


EFFECT OF SOLUTION AND COLLAPSE ON GROUND-WATER MOVEMENT IN 
WESTERN GUADALUPE COUNTY, NEW MEXICO 


Alfred Clebsch, Jr. 
U. S. Geological Survey, Albuquerque, N. Mex. 


Solution and collapse have profoundly affected the topography and hydrology of western Guada- 
lupe County. Limestone and gypsum in Permian rocks have been removed by subsurface solutional 
processes that have been intermittently active from Late Permian or Triassic time to the present. 
Where the soluble rocks are exposed, a typical karst topography has resulted; where they are overlain 
by insoluble clastic rocks, a karstlike topography has developed on sandstone, exhibiting vertical- 
walled collapse holes, most of which range from a few feet in diameter and less than 10 feet in depth 
to several hundred feet in diameter and 150 to 200 feet in depth. The largest such feature is a sub- 
sidence depression about 6 miles in diameter. 

Principal water-bearing units are limestone of the San Andres formation of Permian age and the 
Santa Rosa sandstone of Triassic age. The process of solution has created a highly permeable lime- 
stone aquifer. The combined processes of solution and collapse or subsidence have served to facilitate 
recharge in the outcrop area of the limestone and where water in the limestone is under water-table 
conditions. In one area, rupture of the impermeable bed supporting a high-level perched water body 
has permitted the perched water to leak to the main zone of saturation. Near the Pecos River, rup- 
ture of the confining bed overlying the aquifer in the San Andres formation permits artesian water 
to discharge to the surface. 
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PRECAMBRIAN ROCKS OF THE SHEEPROCK MOUNTAINS, TOOELE COUNTY, UTAH 


Robert E. Cohenour 
U.S. Atomic Energy Commission, Salt Lake City, Utah 


Recent studies in the Sheeprock Range of the eastern Great Basin have disclosed a heretofore 
unknown sequence of Precambrian strata which probably represents part of the interval between the 
Big Cottonwood series and the Mutual formation of the Wasatch Mountains. 

The exposed Precambrian rocks, totaling approximately 11,000 feet in the Sheeprock Range, are 
divisible into two main units, an older series 9000 to 10,000 feet or more and the Mutual (?) forma- 
tion, 924 feet more or less. 

The older sequence is divisible into three units: (1) a series composed of massive quartzites, dark 
phyllites, and minor conglomerates totaling approximately 4000 feet of strata, conformably overlain 
by (2) a dark-green slaty tillite 2500-4000 feet thick, which is conformably overlain by (3) a tan 
and green shale unit. 

The younger sequence, the Mutual (?) formation, is tentatively correlated with the “type” Mutual 
formation of the Wasatch Mountains. It is composed of two units, (1) a ripple-marked, purple argil- 
lite approximately 175 feet thick, conformably overlain by (2) the Talawag quartzite member com- 
posed of 706 feet of purplish conglomeratic quartzite. 

The Precambrian sediments indicate that deposition was essentially continental with lagoonal or 
estuarine conditions common. The tillite suggests highlands in the Sheeprock area during late Pre- 
cambrian. The failure to demonstrate a profound angular unconformity within the Precambrian 
sequence and between Precambrian and basal Cambrian formations suggests that the Sheeprock 
area was at the limit of influence of a rising ‘“‘hinge line”, which marked the eastern boundary of the 
early Paleozoic geosyncline and coincides with the site of the present Wasatch Range. 


NEW PALEONTOLOGIC DISCOVERIES FROM THE FOUNTAIN FORMATION 


Howard Ellis 
University of Colorado, Boulder, Colo. 


Paleozoic sediments, 35 miles southwest of Denver, border the southern margin of Perry park and 
form northward-dipping hogbacks. The Pikes Peak granite is overlain by 85 feet of Upper Cambrian 
Sawatch sandstone, 10 feet of Upper Cambrian Ute Pass dolomite, 45 feet of Devonian (?) Williams 
Canyon dolomite, and about 3000 feet of the Fountain formation. 

Above the basal Fountain contact is 10 feet of pale-reddish-brown shale overlain by 170 feet of 
moderate reddish-brown arkose float. Overlying this, outcrops consist of 35 feet of grayish-orange- 
pink arkose interbedded with 15 feet of moderate reddish-brown arkose and 10 feet of pale-reddish- 
brown shale. About 260 feet above the base of the Fountain, 20 feet of carbonate beds forms a low 
hogback. This interval consists of highly fossiliferous, grayish-pink, nodular limestone which alter- 
nates with moderate-pink siltstone. Above this interval, reddish-brown arkoses and shales dominate 
in the Fountain formation, and no carbonates occur. 

By dissolving the nodular limestone in hydrochloric acid a varied fauna has been discovered. 
Foraminifera, sponges, horn corals, fenestrate bryozoans, productid and spiriferoid brachiopods, 
gastropods, pelecypods, cephalopods (?), trilobites, ostracods, crinoids, and possible holothurian 
plates have been excellently preserved. 

This fauna indicates that at least a portion of the lower Fountain formation is marine. Prelim- 
inary study suggests a Morrowan or early Pennsylvanian age for this part of the formation and indi- 
cates a possible correlation with the Glen Eyrie formation about 20 miles to the south. 
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PLUTONIC HISTORY OF WEST-CENTRAL IDAHO 


Warren Hamilton 
U.S. Geological Survey, Denver, Colo. 


Mapping of the 30-minute Riggins quadrangle and reconnaissance in the surrounding region has 
demonstrated the presence of a number of series of granitic rocks, several of which are of local rather 
than regional extent. 

Intruded within the Permian and Triassic greenstones of the Seven Devils Mountains are quartz 
diorites and more mafic rocks; most of these are sheared and reconstituted and older than 
the thrusting. 

Thrust over the complex of the Seven Devils Mountains on the upper of two folded, generally east- 
dipping overthrusts is a series of layered gneisses of very complex structure, dominated by quartz 
diorite but including a variety of metamorphic types. Trondhjemite (leucocratic sodic biotite-quartz 
diorite) cuts the upper thrust fault. North and south of the Riggins quadrangle, these gneisses (and 
the thrust sheets?) are cut out by younger quartz diorites. 

Within the Riggins quadrangle, the older gneisses give way eastward to younger quartz diorite 
gneiss of simple structure, which dips steeply east; this more uniform gneiss probably represents both 
realignment of older gneiss and intrusion of new material. The uniform gneiss was in turn injected 
and “soaked” by concordant quartz monzonite, and the resulting complex was widely sheared and 
was intruded by crosscutting quartz diorite, granodiorite, quartz monzonite, and trondhjemite. 
Gneiss was sheared and contact-metamorphosed to hornfels by one quartz monzonite pluton. 

To the east, this whole complex was intruded by the massive granodiorite and quartz monzonite 
of the Idaho batholith proper. The age of the granitic rocks, pessibly excepting the older gneisses, 
must be between Late Triassic and middle Cretaceous. 


BEDROCK CREEP NORTH OF GOLDEN, COLORADO 


O. Winston Hampton 
2885 16th St., Boulder, Colo. 


North of Golden, Colorado, bedrock creep of near-vertical, relatively incoherent upper Mesozoic 
strata gives an erroneous impression of the attitudes of beds which has caused structural misinter- 
pretations. South of Coal Creek Canyon, competent Fountain and Lyons formations form the crest 
of a prominent hogback and dip 70°-90° west; Dakota sandstones interbedded with less competent 
shales and claystones near the base of the hogback dip 22°-40° west. The reduced dip of the Dakota 
is restricted to depths of a few feet, below which the attitude of the Dakota is comparable to that 
of the Fountain and Lyons. Similarly, creep of Fox Hills and Laramie beds on the flanks of Leyden 
Ridge has so flattened the dips that the contrast with the vertical ridge-forming unit has caused an 
erroneous impression of faulting. 

Deformation of bedrock caused by creep is common in this area, and failure to recognize it may 
have resulted in other misinterpretations of structures. 


PENNSYLVANIAN AND PERMIAN ROCKS IN THE NORTHERN FRANKLIN 
MOUNTAINS, TEXAS 


Robert L. Harbour 
U.S. Geological Survey, Albuquerque, N. M. 


Geologic studies in the northern part of the Franklin Mountains near El Paso, Texas, show that 
Pennsylvanian and Permian rocks there total about 5000 feet in thickness. This total was compiled 
from sections measured in fault blocks on the west side of the mountains and includes rocks assigned 
to the Magdalena formation and the Hueco limestone by L. A. Nelson (1940) in Vinton Canyon in 
this area. 
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The Magdalena, 2700 feet thick, consists of limestone with increasing amounts of shale and silt- 
stone toward the top. In ascending order, lithologic units described by Nelson are the La Tuna, 
Berino, and Bishop’s Cap members. Above the Bishop’s Cap is an interval about 1200 feet thick 
which is covered by alluvium at Vinton Canyon. Nearly complete exposures at near-by localities 
show that the interval is occupied by a unit composed of siltstone with lesser amounts of shale, lime- 
stone, and gypsum and a persistent bed of conglomerate at the base. Although diagnostic fossils are 
absent, the unit is included with the Magdalena because of its lithologic similarities thereto. Con- 
tact with the overlying Hueco limestone of Wolfcamp age is gradational. 

The Hueco limestone, 2200 feet thick, is composed for the most part of evenly bedded cherty lime- 
stone of uniform lithology, but persistent beds of yellow siltstone permit separation into three map 
units in this area. Although the top of the Hueco is not exposed, the upper part contains red silt- 
stone which may be equivalent to the Deer Mountain member of the upper part of the formation 
in the Hueco Mountains. 


GRANITE MALADY 


C. J. Hares 
P.O. Box 230, Boulder, Colo. 


Much has been written on the chemistry of granite decay but almost nothing on its rate. Does it 
take 10,000 or 100,000 years to malady simple granite an inch deep? Fresh surface granite is rare. 
Occasionally, fresh granite is exposed beneath 10 or more feet of weathered rock in deep highway 
cuts in the Front Range. 4 

Synonyms: decay, rot, disease, weather. 

It is common knowledge that granite as well as posts rot fastest at grass roots. Carbon dioxide 
favors rock decay, as does warm moist climate, whereas high dry cold altitude retards decay. Little 
or nothing is definitely known about Archean-pre-Pennsylvanian climates or the amount of carbon 
dioxide present. 

Favorable climates for granite malady, where granite is only slightly attacked, are: Chicago, library 
and courthouse; London, steps of St. George church. In the Coliseum and the Pyramids granites are 
still fresh after 2000 to 5856 years; the broken step of the Brown Palace Hotel in Denver is still 
fresh after 60 years. Granite malady is 18 feet deep beneath Cambrian Rawlins quarry, 300 beneath 
Carboniferous Laramie Mountains, 2 feet in a 10-foot split boulder on the high-level bouldery pre- 
Oligocene deposit in Bates Hole Divide. 

Glaciated bedrock in New Haven shows quarter-inch malady, above timberline the Front Range 
shows a sixteenth of an inch to virtually none; Wisconsin drift boulders of New York and Minnesota 
show a quarter of an inch or almost none. 

Assuming that the Continental sheet retreated 25,000 years ago, granite malady progresses an 
inch in 100,000 years. Other observations in the Grand Canyon, California, and Texas confirm these 
admittedly rough figures. Granite malady plays an important role in the geologic history of the 
Front Range, Bows, and other Rocky Mountains. Granite malady may have some bearing on oil and 
mineral prospecting. 


SANDSTONE DIKES AND LARAMIDE THRUSTING IN THE SOUTHERN FRONT RANGE 


John C. Harms 
University of Colorado, Boulder, Colo. 


Numerous sandstone dikes were mapped in the Precambrian Pikes Peak granite along the eastern 
flank of the southern Front Range. The dikes are limited to three areas of west-dipping overthrusts. 
They occur within 1 mile of the granite-sedimentary rock contact, strike parallel to the contact, and 
dip westward more steeply than the thrust planes. The dikes range from a few inches to 100 feet 
thick and from a few feet to several thousand feet long. 

The dikes are composed primarily of fairly well-sorted quartz grains, and silicification makes the 
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dikes more resistant to erosion than the surrounding granite. The dike walls are smooth and show 
no evidence of slickensides or fragmentation. 

The dikes are interpreted to be Laramide because of their constant association with Laramide 
faults and are attributed to injection of water-saturated sands upward and downward into over- 
thrust masses of granite. The dikes are oriented parallel to planes perpendicular to the axis of least 
compression during thrusting. Sandstone dikes in the described area were used to locate hitherto 
unrecognized thrust faults and gave information regarding the direction and stress distribution of 
thrusting. 


FELDSPAR STAINING METHODS 


J. R. Hayes and M. A. Klugman 
Colorado School of Mines, Golden, Colo. 


Several staining methods have been suggested to facilitate determining the relative percentages of 
feldspar and quartz in clastic sediments. Recent tests by the writers indicate that a slight modifica- 
tion of the method suggested by Gabriel and Cox (1929, p. 290-292) gives good results. 

Fine or medium grains are mounted in Lakeside cement on a glass slide, so that the upper surfaces 
of the grains are exposed. The slide is then placed in a covered plastic fume box, and the grains are 
exposed to the fumes of hydrofluoric acid for 15 minutes. The slide is then removed, and the grains 
are treated for 2 minutes with a concentrated solution of sodium cobaltinitrite, washed thoroughly, 
and dried. The potassium feldspars are coated with a precipitate of yellow potassium cobaltinitrite, 
the plagioclase feldspars are coated white, and quartz is clear. A count is made of 300 grains, and per 
cent potassium feldspar is determined. The dry grains are then treated for 3 minutes in a 0.5 per 
cent solution of eosine “B’’, rinsed, and dried. The plagioclase feldspars are now stained pink to red, 
the potassium feldspars range from orange to faint pink, and the quartz is clear. Another 300-grain 
count is made, and per cent quartz is determined. Per cent plagioclase feldspar may then be cal- 
culated. 

Preliminary tests on artificial mixtures of known percentages of potassium feldspars, plagioclase 
feldspars, and quartz indicate that the accuracy of the method is about +5 per cent. Least error is 
found normally in per cent quartz. 


RARE-EARTH MINERALIZATION IN THE WHITE CLOUD MINE NEAR SOUTH 
PLATTE, JEFFERSON COUNTY, COLORADO 


Vance Haynes 
Colorado School of Mines, Golden, Colo. 


Complex pegmatites in the Pikes Peak granite near South Platte, Colorado, contain unusual rare- 
earth mineral assemblages. In the White Cloud mine irregular zoning is present. The zones are (1) 
outer, (2) intermediate, and (3) core. The outer zone consists chiefly of perthitic microcline crystals 
6 inches or more in size, subradiating aggregates of biotite a foot or more in diameter, and minor 
quartz. Euhedral crystals of cyrtolite and fergusonite are associated with the biotite aggregates. 
Probable paragenetic sequence is: biotite, cyrtolite and fergusonite, microcline, quartz. 

The intermediate zone consists of subhedral to euhedral perthitic microcline crystals commonly 
exceeding a foot in size. The contact between this zone and the core is marked by euhedral termina- 
tions of the microline into massive crystalline quartz of the core. 

Yttrofluorite occurs between intermediate zone and the core. Terminations on yttrofluorite 
crystals show a compensational growth form into the microcline and are euhedral into the quartz. 
This is considered as evidence that yttrofluorite crystallization began before microcline crystallization 
was completed and ended before crystallization of the core. Gadolinite and allanite occur as euhedral 
crystals in outer parts of the core and crystallized early. 

Late-stage fluoride and fluocarbonate mineralization represents an autometasomatic stage in which 
primary pegmatite minerals were replaced by rare yttrium fluocarbonate minerals. Of these, doverite 
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is the most abundant, and its occurrence here makes the South Platte area the second known occur- 
rence in the world. Additional ytrrium analogues of cerium fluocarbonate minerals a wait further 
study before positive identification can be made. A final phase is represented by yttrium-free fluorite 
that fills cracks and replaces earlier minerals. 


PRECAMBRIAN GEOLOGY OF THE NORTHERN BIG BURRO MOUNTAINS AND 
REDROCK AREA, GRANT COUNTY, NEW MEXICO* 


Charles E. Hewitt 
The Ohio Oil Company, Denver Research Center, Littleton, Colo. 


The Big Burro Mountains, one of the northwest-trending ranges of the Basin and Range province, 
contain the largest exposure of Precambrian igneous and metamorphic rocks in southwestern New 
Mexico. North-dipping Upper Cretaceous Beartooth quartzite and Colorado shale and Tertiary 
quartz latite and rhyolite flows cover the northern end of the mountains. Pliocene (?) Gila conglomer- 
ate and younger unconsolidated gravels cover the desert basin that rims the mountains to the east, 
south, and west. 

The metamorphic rocks include an older and a younger series, both of which occur as xenoliths 
in the complex Burro Mountains granite batholith. The older series consists of interlayered quartz- 
feldspar, hornblende, and biotite gneisses, mica schists, and amphibolites that were formed by 
dynamic metamorphism (amphibolite facies). Several varieties of hornfels and serpentine-carbonate 
rocks make up the younger series. These were derived from a sequence of shale and impure carbonate 
rocks that was first subjected to mild regional metamorphism, and then to three periods of thermal 
metamorphism accompanying the intrusion of anorthosite, diabase, and Burro Mountains granite. 
The granite migmatized part of the older series and enclosed mixed xenoliths of diabase and younger 
metasediments. 

The older rocks have a well-developed bedding foliation; lineation is minor. Local contortions 
appear on northeast-trending major folds. The younger rocks are poorly foliated and not folded. 
Northwest- and northeast-trending normal faults of post Upper Cretaceous age are partly controlled 
by Precambrian structures. 


BEDROCK GEOLOGY OF AN AREA NEAR NOME, ALASKA 


C. L. Hummel 
U. S. Geological Survey, Menlo Park, Calif. 


Nearly all bedrock in the area extending about 15 miles east and 35 miles north of Nome, Alaska, is 
regionally metamorphosed. Most of it consists of metasedimentary schists and marbles that have 
been derived from a graywacke and limestone sequence, assumed to be of middle Paleozoic age and 
older, from correlation with less highly altered rocks elsewhere. Metamorphosed silicic and mafic 
intrusive bodies are present throughout the area. 

The bedrock has been deformed during at least two orogenies. The earlier orogeny, accompanied 
by regional metamorphism, is represented by a portion of a north-northwestward-trending anticline 
and numerous minor axial lineations. Though the strike of these remains closely similar to that of the 
major fold, their plunge has been modified by later deformation. The later deformation aiso produced 
an arch, whose axis runs along the highest parts of the Kigluaik Mountains in the northernmost part 
of the area, and an eastward-plunging syncline just south of them. The arch and the mountains are 
bounded along the north and south sides by faults on which the central part of the range was up- 
lifted and tilted toward the south. 

High-grade regional metamorphism is present only in the Kigluaik Mountains; the rocks in the 
rest of the area are of greenschist facies grade. The schistosity and bedding are generally parallel 
throughout the area. 

Mineral deposits include hydrothermal lodes, pegmatites, skarn zones, and metasedimentary 


* Published by permission of the Director, New Mexico Bureau of Mines and Mineral Resources. 


st 
( 
1 


MEETING IN GOLDEN 1731 


graphite. None of these is economically important; however, the lodes have been the source of rich 
stream and beach gold placers. 


STRUCTURE AND PETROLOGY OF NORTHERNMOST END OF PIKES PEAK 
BATHOLITH, JEFFERSON AND DOUGLAS COUNTIES, COLORADO 


Robert M. Hutchinson 
Colorado School of Mines, Golden, Colo. 


Rock zones mapped are (1) outer zone, medium to coarse leucogranite and granite; (2) intermediate 
zone, porphyritic coarse to very coarse quartz monzonite; (3) intermediate central zone, medium to 
coarse leucogranite and granite. Seriate inequigranular texture prevails in zones (1) and (3). Rock- 
zone contacts grade over several hundreds of feet and subparallel contact with metamorphic wall 
rocks. Zone (1) averages 3-4 miles wide, zone (2) averages 3 miles, and zone (3) is incompletely 
mapped. 

Rock zones parallel platy flow structure which is circular concentric and possesses over-all con- 
tinuity reflecting arcuate shape of the batholith. Metamorphic rocks dip 30°-65° away from granite. 
Local reversals occur for several miles where metamorphic rocks dip 50°-65° under granite. Within 
a quarter of a mile of this contact granite flow structure dips 50°-70° under metamorphic wall rocks. 
Toward the interior of the batholith dip directions range from 75° to 90°. 

Within zones (1) and (2) distribution, quantity, and types of primary fracture systems differ 
characteristically as follows: In zone (1) marginal fissures filled with pegmatite and/or aplite have 
greater abundance within a border 1 mile wide adjacent to metamorphic wall rocks. Dips range 
from 24° to 70° inward. Swarms of narrow alaskite dikes (1-20 feet wide and up to 2 miles long) and 
some aplite have subradial distribution perpendicular to concentrically curved flow structures. 
Dips exceed 80°. Along strike some alaskite grades into rare-earth-bearing pegmatite pods. Shear 
fractures filled with pegmatite are transverse to flow structure and dip 75°-80° inward. 

Zone (2) has primary flat-lying joints filled with aplite and/or some pegmatite. These dip 8°-27° 
toward zone (1) and are 3-5 miles long curving subparallel to platy flow structure. Scattered marginal 
fissures dip 35°-55° inward. Aplite-filled shears transect flow structures. Scattered alaskite dikes 
reappear within the gradational contact between zones (2) and (3). Positive gravity-anomaly distri- 
butions indicate that granite flanks dip outward under metamorphic wall rocks. 


PATTERNS OF RADIAL DIKE SWARMS ASSOCIATED WITH WEST SPANISH 
PEAK AND DIKE MOUNTAIN STOCKS, SOUTH-CENTRAL COLORADO 


Ross B. Johnson 
U. S. Geological Survey, Albuquerque, N. Mex. 


West Spanish Peak and Dike (Silver) Mountain in south-central Colorado are stocks from which 
swarms of dikes radiate. Both stocks intrude Tertiary sedimentary rocks near the axis of the La Veta 
syncline, the structural trough of the Raton basin. The outer margin of the West Spanish Peak dike 
swarm is elliptical. The Dike Mountain swarm is more radial, and its outer margin is oval. The 
elongation of both systems is normal to the axis of the La Veta syncline. 

The patterns of the dike systems apparently resulted from intrusion into joint systems. The origin 
of the joints intruded has been generally attributed to radial fissuring during doming of the sedi- 
mentary rocks by the emplacement of magma. However, detailed structural studies have indicated 
that several systems of shear and tension joints resulted from intermittent orogenic stresses of 
varying direction during folding of the syncline, and it is suggested that selective intrusion into this 
older joint complex could account for the radial nature of the patterns. 
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CENOZOIC NONMARINE INTRACRATONAL BASINS OF THE WESTERN INTERIOR 


Daniel J. Jones 
University of Utah, Salt Lake City, Utah 


Many intermontane basins of the Rocky Mountain region, and of the Great Basin, filled with 
great thicknesses of Tertiary-Quaternary sediments and volcanic rocks, may properly be considered 
to be geosynclinal in nature. These large downwarped, sediment-filled basins include, among others. 
the Uinta-Gosiute Basin, Bonneville Basin, Wind River Basin, Powder River Basin, Big Horn 
Basin, San Juan Basin, Denver-Julesberg Basin, Black Mesa Basin, Raton Basin, and the Alberta 
syncline. 

Because of their large areal extent, great volumes of enclosed sediments, and evidence of long- 
continued subsidence and deposition within them, these basins may be classified as intracratonal 
basins. Some basins functioned as zeugogeosynclines, and subsidence and deposition were linked to 
complementary uplift of adjacent positive areas; other basins were taphrogeosynclines, and sub- 
sidence was controlled by movement along one or more boundary faults. 

Principal lithologies in the basinal stratigraphic sections include (1) lava flows, (2) pyroclastics, 
subaerially deposited, (3) water-laid ash and pumicite, (4) a wide variety of lacustrine sediments, (5) 
various fluvial sediments, (6) marginal mass-wastage deposits, and (7) eolian deposits. 

The concept of geosynclinal sedimentation is here broadened by the writer to include large areas of 
intracratonal subsidence and contemporaneous filling with volcanic rocks and nonmarine sediments 
of various types. 


CENOZOIC LANDSLIDES VERSUS KLIPPEN 


W. R. Keefer 
U.S. Geological Survey, Laramie, Wyo. 


Anomalous masses of Paleozoic rocks have been detached from their main outcrop belts in the 
adjacent mountain ranges and rest on rocks of Cretaceous or Cenozoic ages along the basin margins 
at several localities in central and northwestern Wyoming. Geologic relationships show that a majority 
of these detached blocks: (1) are closely associated with reverse faulting along the adjacent mountian 
front; (2) are in horizontal or basinward-dipping contact with underlying rocks; (3) are appreciably 
lower in elevation than the nearest surface trace of the associated fault; (4) are composed largely of 
undistorted to extremely brecciated Cambrian limestone, Ordovician dolomite, and Mississippian 
limestone; and (5) were emplaced during periods of active mountain uplift. 

The question arises as to whether the detached blocks are remnants of large thrust masses (klippen) 
or are gravity phenomena. If the associated fault is a low-angle overthrust, direct tectonic emplace- 
ment may be inferred. If the associated fault is high angle, then origin by gravity sliding appears to 
be the most logical interpretation. Emplacement of the masses by gravity is most likely to occur where 
the topographic relief between mountain and basin was great, where Paleozoic strata on the mountain 
flanks dipped basinward, and where underlying plastic shale units to serve as glide planes were 
present. 

Previous investigators have favored the interpretation that most of the detached blocks are 
remnants of thrust sheets. The associated faults are commonly high-angle reverse faults, however, 
and the writer suggests that gravity emplacement may have been underemphasized. 


GEOLOGY OF THE PAGODA AREA, NORTHWESTERN COLORADO 


Bobby Gene Kerr 
Colorado School of Mines, Golden, Colo. 


Near the town of Pagoda in northwestern Colorado, on the northern flank of the White River 
uplift (Ts. 4 and 5 N., Rs. 89 and 90 W.), there is an en echelon series of anticlines and synclines. 
These folds, formed in the early Tertiary, are difficult to map because of (1) the lack of prominent 
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and resistant beds within the Mancos formation, (2) the masking effect of the unconformable Browns 
Park formation (Tertiary), and (3) the presence of dense vegetation over most of the area. 

The exposed rocks in the area are the Mancos, Iles, and Williams Fork formations (Upper Cre- 
taceous), the Browns Park formation (Tertiary), and a basalt flow (Late Tertiary). 

There are two major anticlinal features in the area, the Pagoda and Beaver Creek anticlines, 
trending in a northwesterly direction. The Pagoda anticline contains gas in the Shinarump formation, 
and the Beaver Creek anticline contains gas in the Dakota formation. These two structures have 
been mapped previously as one continuous structure, but detailed mapping reveals that they are 
separate, asymmetric folds. 

Another small anticline, Northwest Pagoda, unmapped in previous published reports, is present in 
the area. This closed structure is near the northwest end of the Pagoda anticline. 

Future petroleum possibilities of the area lie in the undrilled Northwest Pagoda anticline. Recent 
oil discoveries at Buck Peak anticline, 7 miles north, encourage the prospects for oil at Northwest 


Pagoda. 
In addition, there are also large reserves of bituminous coal in the Iles formation. 


PARAGENETIC RELATIONS OF QUARTZ AND FELDSPAR IN THE PRECAMBRIAN 
METAMORPHIC ROCKS OF THE KOKOMO DISTRICT, COLORADO 


A. H. Koschmann 
U. S. Geological Survey, Denver, Colo. 


Precambrian metamorphic rocks are exposed in the Tenmile Range in the Kokomo mining district, 
Summit County, Colorado. These rocks are granulites, gneisses, and migmatites, and they range in 
mineral composition from quartz-plagioclase (oligoclase-andesine) gneisses to microline-bearing 
rocks. Locally garnet and sillimanite are present. One variety of gneiss contains interlayers of amphib- 
olite. 

The paragenetic relations, texture, and mode of occurrence indicate that quartz is the earliest of 
the rock minerals and that it is a relict mineral of the gneisses and not a product of metasomatism. 
It occurs chiefly in irregular clusters that resemble quartzite and that show either a granoblastic or 
sutured texture. Quartz also occurs as small spherical inclusions in feldspar. 

The quartz clusters are enclosed in a ramifying, branching network of feldspars. Irregular small 
apophyses and barbs of feldspar penetrate quartz along grain boundaries, fractures, and shadowy 
margins in grains showing undulatory extinction. In some of the least feldspathized gneisses the feld- 
spar is interstitial to the quartz. The quartz-feldspar relations clearly show that feldspathization 
was guided along pre-exi¢ting structures and textures in a quartzitic host rock. 

Identical relations between quartz and feldspar are found in the granulites and migmatites in the 
district. The writer concludes that these rocks also represent quartzose sediments that have been 
feldspathized to a greater degree than the gneisses and locally may have been partially fused. 

The quartz-feldspar textural relations provide a means of deciphering some of the changes in 
metamorphic and plutonic rocks and their origin. 


LAKE OTERO—SECOND PHASE IN FORMATION OF NEW MEXICO’S GYPSUM DUNES 


Frank E. Kottlowski 
New Mexico Bureau of Mines and Mineral Resources, Socorro, N. Mex. 


Gypsum sands of Tularosa Basin are one of the largest accessible deposits of pure (96%) gypsum 
in the Southwest. White Sands National Monument includes the spectacular dunes, but outside the 
Monument (although militarily controlled) gypsum sand totals about 5 billion tons—a 4-century 
supply for the United States. 

Gypsum was originally precipitated in Permian seas as thick beds in Yeso and San Andres forma- 
tions; Tertiary uplift exposed this bedded gypsum to erosion and solution and led to concentration 
of calcium sulfate in salinas at lowest parts of Tularosa Basin. Westerly winds swept gypsum frag- 
ments from playas and piled gypsum sand in a belt to the east. 
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The 280 square miles of dunes and other parts of Tularosa Basin below 4000 feet are underlain by 
bedded gypsum 5-25 feet thick—deposits of Lake Otero, named by Herrick (1904). This Pleistocene 
lake was a series of salinas, probably of maximum extent during last glacial-pluvial and then con- 
temporaneous with Lake Estancia and other basinal lakes. Lake Otero, however, was probably 
always a saline lake and was not connected with Rio Grande. Water line was never higher than 
4030 feet, the altitude of divide with Hueco Basin to the south. Rio Grande Valley is incised 250 feet 
below the surface of Hueco Basin; any through stream from Tularosa Basin would have cut down to 
Rio Grande’s level and drained off the calcium sulfate. Shore-line features, if ever well developed, 
were obliterated by sheet wash and drifting sand; reported benches are fault-line scarps with bases 
4100-4300 feet altitude. 


LARAMIDE AND LATE CENOZOIC DEFORMATION IN THE YAMPA DISTRICT, 
NORTHWEST COLORADO 


Richard E. Kucera 
University of Colorado, Boulder, Colo. 


Miocene Browns Park formation and overlying volcanic rocks in the upper Yampa Valley between 
the Park Range and White River uplift show Late Cenozoic folds and faults which seem related to 
earlier Laramide structures. Both Laramide and Late Cenozoic deformation produced northwest- 
trending folds and high-angle faults. The recency of some of the later deformation is indicated by 
fault scarps and interrupted drainage. In the Park Range Late Cenozoic movement recurred along 
Laramide faults, but relative displacement is opposite that of the Laramide movement. However, 
in the White River uplift, it is not known whether Late Cenozoic faults have Laramide control. 


ANTICLINES OF THE SOUTHWESTERN COLUMBIA BASIN 


William N. Laval 
Colorado State University, Fort Collins, Colo. 


In south-central Washington the Columbia Basin, a structural depression, contains a group of 
folds in the Mio-Pliocene Columbia River basalt sequence. These folds plunge eastward from the 
Cascade Mountains to merge with the basin structure. The anticlines mapped are of three general 
types: (1) single asymmetric arches such as Snipes Mountain; (2) broad arches with subsidiary 
flexures typified by Toppenish Ridge; and (3) tilted monoclinelike structures locally thrust north- 
ward, such as Saddle Mountains. A major change in trend of one of the largest anticlines, the Horse 
Heaven Hills, from east-northeast to west-northwest is accompanied by thrusting, tear faults, and 
the merging of major structures into a single composite arch. The forms of the anticlines suggest 
both décollement and folding in response to folding or faulting of the basement. Neither can be 
proved because rocks older than the Columbia River basalt are not exposed in the area. 

The observed structural history begins with regional downwarping and mild local warping during 
the accumulation of the upper Yakima basalt formation. The uppermost lava flows (Wenas basalt 
formation) and the overlying Ellensburg formation sediments afford evidence of intensified local 
warping and folding that apparently culminated during the early Pliocene as a phase of the “‘Cas- 
cadian Revolution”. Warped Pleistocene sediments and antithetic normal faulting testify to continued 
mild deformation. 


PETROGRAPHIC STUDY OF THE LATEST CRETACEOUS AND EARLIEST TERTIARY 
FORMATIONS OF CENTRAL UTAH 


Kwang-Yuan Lee 
South Dakota Geological Survey, Vermillion, S. D. 


A detailed petrographic study of the latest Cretaceous and earliest Tertiary formations of central 
Utah has shown that the North Horn sediments contain more mineral assemblages than the Price 
River formation and the basal part of the Flagstaff limestone. On the basis of allogenic mineral 


1 
| 
. 


veen 
d to 


‘est- 
1 by 
long 
ver, 


RY 


tral 
rice 


MEETING IN GOLDEN 1735 


association, five mineral zones are tentatively proposed for the purpose of correlation. The regional 
and stratigraphic variation of the heavy-mineral assemblages is probably due to fluctuation in 
hydraulic ratios or to the fact that there were no great variations of heavy minerals to begin with in 
the reworked Mesozoic and Paleozoic sediments, rather than to intrastratal solution. 

The different rock types of the latest Cretaceous and earliest Tertiary sediments are the mechanical 
mixture of the three end members: (1) coarse detritus, (2) fine clayey detritus, and (3) carbonate 
cement. Sandstones and shales are the principal constituents in the rock types, and conglomerates, 
siltstones, and limestones are in subordinate amount. 

The paleogeographic configurations consist oi (1) a wedge-shaped troughlike depression along the 
eastern site of the Gunnison Plateau, (2) a wide open depression located in the vicinity of North 
Horn Mountain, and (3) piedmont slopes, and intermontane basinlike depressions. Two fluvial 
cycles and two lacustrine cycles are recognized in the formation of those sediments. Each of these 
cycles was directly controlled by space and supply relations in association with the diastrophic 
movements. 


GEOLOGY AND PETROLOGY OF THE CHERRY CREEK GROUP, SHERIDAN-ALDER 
AREA, MADISON COUNTY, MONTANA 


Donald W. Levandowski 
The California Research Corp., LaHabra, Calif. 


The Sheridan-Alder area, on the southwestern flank of the Tobacco Root Mountains in south- 
western Montana, is underlain chiefly by Precambrian metamorphic and intrusive rocks. The meta- 
morphic rocks that are correlated with the Cherry Creek group consist of marble, epidote gneiss, 
graphite schist, quartzite, magnetite-hypersthene gneiss, mica schist, garnet schist, sillimanite 
schist, quartz-feldspar gneiss, hornblende gneiss, other amphibole gneisses, and amphibolite. Most 
of these rocks represent the medium- to high-grade regional metamorphic equivalents of shales with 
intercalated sandstones, feldspathic sandstones, and limestones, a foreland facies of sediments. Some 
represent the metamorphism of basalts, diabases, gabbros and diorites. The metamorphism and its 
attendant folding and uplift are called the Cherry Creek orogeny. 

The injection of the Dillon granite and its related pegmatites and aplites took place at the end of 
the Cherry Creek orogeny. Injection under stress converted much of the granite to gneiss. The aplites 
and pegmatites, however, show little or no metamorphism and are post-kinematic. Some Cherry 
Creek biotite schists and hornblende gneisses were intruded J/zt-par-lit by Dillon material to form 
migmatite. At a later time peridotitic dikes and sills were intruded into Cherry Creek rocks. During a 
third and still younger intrusive period diabase dikes were emplaced along tension fractures and 
faults. 

Anticlinal uplift, considered to have initiated the Laramide orogeny in the area, began in late 
Cretaceous time and was followed by intrusion of a va:iety of intermediate to acid igneous rocks. 
The axis of the belt of these intrusive rocks parallels the trend of the Precambrian diabase dikes. 
Many of the hydrothermal ore deposits are related genetically to the Laramide intrusives. 


AMERICAN TRIASSIC MAMMAL-LIKE VERTEBRATES 


G. Edward Lewis 
U.S. Geological Survey, Denver, Colo. 


Geologists of the United States Geological Survey have discovered and collected several specimens 
of Tritylodontidae since 1953. They all represent a new genus and species of that family, now found 
in the New World for the first time. They are closest morphologically to the previously described 
Triassic (Keuper) species from southwest China, furthest from the European Early to Middle 
Jurassic species. They occur, together with Protosuchus richardsoni, in the upper part of the Kayenta 
formation of Arizona. 
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UNDEVELOPED GROUND-WATER POTENTIAL IN SAN PETE VALLEY, UTAH 


Ray E. Marsell 
University of Utah, Salt Lake City, Utah 


San Pete Valley is a structural and topographic basin in the central High Plateau district of Utah. 
It is bounded on the east by a monocline of vast proportions which forms the western margin of the 
Wasatch plateau; on the west the Sevier fault displaces vertically the base of the monocline, and its 
scarp forms the western valley wall. Surface water leaves the valley through the channel of San 
Pitch River, but a tight bedrock rim prevents subsurface drainage from the basin. As a result, a 
third of the 220 square miles of alluviated valley floor is water-logged with the water table less than 
10 feet below ground surface. Ground water escapes from San Pete Valley only by evapotranspiration: 
at least 80,000 acre-feet are lost this way in an average year. 

Wells at present are drawing water only from the alluvial fan ground-water reservoir, located 
mainly along the eastern margin of the valley. Only three wells have tapped the “ideal” artesian 
monoclinal bedrock reservoir; the latest of these, drilled in 1956, is producing 10 cfs from the Eocene 
odlite (Green River formation) near Manti, Utah. It is believed that a large supplemental ground- 
water supply can be obtained for the 102,000 acres under irrigation in the valley from this new 
bedrock source. 


GEOLOGY OF THE LOWER FRENCH CREEK AREA, CARBON COUNTY, WYOMING 


Irwin Matus 
University of Wyoming, Laramie, Wyo. 


The lower French Creek area is located on the western flank of the Medicine Bow Mountains of 
southeastern Wyoming. Precambrian felsic gneiss and amphibolite are the major rock types. A 
thick sequence of metasedimentary quartzite, slate, and marble occurs along the eastern border of 
the area and is unconformably related to the older (?) felsic gneiss. 

The felsic gneiss is composed chiefly of potassium feldspar and quartz with accessory biotite and 
muscovite. The amphibolite is a hornblende, quartz, andesine type. The felsic gneiss has been folded 
into a southeastward-plunging anticline by compressive forces acting from northeast-southwest 
directions. The gneiss is cut by northeastward-trending cross faults and has well-developed mylonite 
zones trending in the same direction. In contrast, the metasedimentary rocks along the eastern 
border of the area are deformed into a northeastward-trending fold by compressive forces which acted 
from northwest-southeast directions. 

The amphibolite occurs as irregular masses and dikelike bodies in both the felsic gneiss and the 
metasedimentary rocks. This unit is believed to have been originally an igenous rock on the basis of 
local cross-cutting relationships. 

The evidence suggests at least two periods of deformation. The felsic gneiss is believed to have 
been folded first by northeast-southwest stresses. A later period of northwest-southeast stress folded 
the metasedimentary rocks and developed the mylonite zones and the cross faults in the felsic gneiss. 
Mafic igneous rocks may have been emplaced after this period of deformation, and as these rocks 
have been changed to amphibolite there may have been a third and final stage of deformation. 


STUDY OF CONCRETIONS AS APPLIED TO GEOLOGY OF URANIUM DEPOSITS 


Daniel Y. Meschter 
U.S. Atomic Energy Commission, Casper, Wyo. 


Calcite-cemented sandstone concretions, or “calcified concretions,” are common in terrestrial 
sandstone formations that range in age from Cretaceous through Tertiary in Wyoming, Nebraska, 
and South Dakota. They are found with some uranium deposits. 

Concretions in the Southern Powder River Basin, Converse County, Wyoming, may be classified 
on the basis of physical form as sheetlike, tubular, spheroidal, or “cannon ball.”” There are modifica- 
tions, combinations, and irregular variations of these classes. 
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Well-formed concretions have definable trends of elongation. Criteria for determining concretion 
orientations and the methods of use are described. Orientation trends form local and regional patterns 
correlatable with broad geologic structures. 

Concretions are believed to have their origin in migrating ground waters, and the orientation 
patterns appear to reflect the nature of movement of these waters. Study of the distribution and 
trends of calcified concretions may be a useful tool for the study of ground-water movement as 
applied to the origin of uranium deposits. 


PRECAMBRIAN FOLDING IN THE CENTRAL PART OF THE 
FRONT RANGE MINERAL BELT, COLORADO 


R. H. Moench, J. E. Harrison, and P. K. Sims 
U. S. Geological Survey, Denver, Colo. 


Metasedimentary gneisses in the Idaho Springs—Central City area of the Front Range show two 
periods of deformation. The first and major deformation resulted in plastic folding; it was accom- 
panied by intrusion of a series of plutons and sheets, recrystallization of the metasedimentary rocks, 
and retrograde metamorphism of the earlier members of the igneous series. These older folds are now 
outlined by the lithologic units. The second deformation was confined to narrow belts in which small 
folds and granulation were superposed or the previously foliated and deformed rocks; it was accom- 
panied by weak local recrystallization. 

Folds of the two stages are distinguished by their trends and types. Most of the older folds are 
asymmetric and upright, but a few are overturned; the largest has a wave length of about 1}2 miles. 
The fold axes are sinuous but on the average trend about N. 30° E. and generally plunge gently 
north-northeast or south-southwest. The younger folds are terrace, monoclinal, and chevron struc- 
tures, the largest of which has a wave length of about 300 feet. These folds trend N. 55° E. and are 
remarkably straight. They plunge at various angles depending upon their position on the oldier, 
larger folds. The folds consistently show their northwest limbs raised structurally. The second foldng 
was accompanied by granulation which was most severe in the igneous rocks and relatively massive 
metasedimenary rocks. The granulation is expressed by mortar textures and fracture surfaces show 
ing “a” slickenside lineations. 

The second deformation is inferred to have been a deep-seated manifestation of faulting. 


CALICHE GENESIS AND RAINFALL IN THE PECOS VALLEY AREA OF 
SOUTHEASTERN NEW MEXICO 


Ward S. Motts 
U. S. Geological Survey, Roswell, N. Mex. 


Deposition of caliche in southeastern New Mexico probably results from weathering processes. 
Within an arid-climate framework, thicker profiles of caliche result from pluvial than from arid cycles. 
In Pliocene and younger deposits, lenslike caliche beds are thickest along areas of old intermittent 
streams. Recent caliche profiles, in areas where the water table is far below the surface, are relatively 
mature in areas occasionally inundated by water, including undrained basins, recent flood plains, 
areas near the apex of alluvial fans, and floors of intermittent streams. Available water is a most 
important factor in the rate of weathering that produces the caliche. 

Factors that control caliche development include sediment composition and texture, sediment- 
deposition rate, topography, time, climate, and biological activity. Assuming other factors to be 
stable, a curve showing rainfall versus thickness of caliche would show an increase of caliche thick- 
hess with greater rainfall up to a critical point whose position is determined by the nature of parent 
material and by depositional, climatic, and biological characteristics. To this critical point, succes- 
sively greater amounts of calcium carbonate are removed from the A horizon and deposited in the B 
horizon. Increase in rainfall above the critical point results in decrease in caliche thickness, because’ 
successively greater amounts of calcium bicarbonate pass to the water table. Relatively thick caliche 
profiles formed by weathering in sediments of similar texture, composition, and sedimentation rate 
may indicate either areas of greater water inundation or the former existence of pluvial cycles. 
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OCCURRENCE AND MOVEMENT OF GROUND WATER IN PART OF THE CAPITAN 
REEF COMPLEX, SOUTHEASTERN NEW MEXICO 


Ward S. Motts 
U. S. Geological Survey, Roswell, N. Mex. 


The occurrence and movement of ground water in the Capitan reef complex of the Gaudalupe 
Mountains in southeastern New Mexico are controlled by abrupt facies changes in rocks of Guadalupe 
age. The principal recharge areas are uplands of the Guadalupe Mountains where the shelf beds are 
exposed. Ground water percolates chiefly through joints in carbonate rocks and through solution 
channels in evaporite rocks to confining clastic beds and thence downdip. Water drains from the 
poorly permeable shelf beds into large interconnected channels in and near the Capitan limestone, 
flows northeastward along the axis of the Capitan reef, and discharges into the Pecos River through 
Carlsbad Springs at Carlsbad, New Mexico. Downward movement of water is prevented by the 
underlying massive Cherry Canyon formation and lateral movement into the Delaware basin deposits 
by the impermeable Castile anhydrite. Movment of ground water to the east is prevented by a barrier 
of highly mineralized water in the Capitan and shelf formations. 

Wells in the shelf beds generally yield 4-7 gallons a minute, whereas many of the wells in the 
Capitan limestone yield more than 1000 gallons a minute. Water in the Capitan is important eco- 
nomically and is used by the city of Carlsbad, by a major potash company, and for irrigation. The 
porosity and permeability of the shelf formations increase toward the reef as a result of carbonate- 
facies changes, which include an increase of limestone over dolomite and a change from fine to coarser 
texture. 


GEOLOGY OF THE SIX MILE GAP AREA, CARBON COUNTY, WYOMING 


William G. Myers 
University of Wyoming, Laramie, Wyo. 


The Six Mile Gap area, Carbon County, Wyoming, is located on the west flank of the Medicine 
Bow Range just north of the Colorado-Wyoming boundary. 

The Precambrian rocks are principally felsic and hornblende gneisses. Two lenticular-shaped 
diorite bodies crop out along the west border of the area. Small pegmatites occur throughout the 
area. In the west part of the area the gneisses are continuous over several miles in a remarkable 
alternating sequence. Hornblende gneiss in steeply dipping layers 5-30 feet thick alternates with 
felsic gneiss in layers 30-50 feet thick. In the southeast corner of the area the intervening hornblende 
gneiss is very thin or missing. 

Two structural trends are present as reflected by the foliation in the gneiss. The dominant trend is 
northeast. The diorite bodies are elongate along the northwest trend. 

Several genetic hypotheses are proposed for the alternating sequence: (1) An originally ubiquitous 
hornblende gneiss was alternated by silica-alkali solutions along preferential zones. (2) Metamorphic 
segregation occurred during dynamothermal metamorphism along flow planes in an originally homo- 
geneous rock type. (3) An alternating series of extrusive volcanic rocks or sedimentary rocks was 
metamorphosed to form a regularly alternating sequence of hornblende and felsic gneisses. (4) A dike 
swarm was dynamothermally metamorphosed to form a regularly alternating sequence of hornblende 
and felsic gneisses. 


PRECAMBRIAN ROCKS OF THE NORTHERN SAWATCH RANGE, COLORADO 


Robert C. Pearson and Ogden Tweto 
U.S. Geological Survey, Denver, Colo. 


The northern part of the Precambrian core of the Sawatch Range consists principally of metasedi- 
mentary gneisses and granites, with several varieties of minor intrusive and metasomatic rocks. 
The most abundant metasedimentary rock is biotite-quartz-feldspar gneiss, which locally contains 
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siJlimanite and garnet. This unit apparently is thousands of feet thick, but it may represent a thinner 
layer duplicated by tight folding. Lime silicate gneiss, amphibolite, and related rocks form a layer 
about half a mile thick, as well as scattered thin beds or lenses. Migmatite is widespread within the 
biotite-quartz-feldspar gneiss and is largely independent of known granite. 

The granites are of two major types; each comprises several textural varieties and shows evidence 
of formation by both metasomatic and magmatic processes. The northern tip of the range consists 
of medium- to coarse-grained biotite granite containing large microcline porphyroblasts. Border facies 
of this granite are marked by quartz diorite and complex hybrid rocks. A biotite-muscovite granite, 
resembling the Silver Plume granite of the Front Range, forms a body about 12 miles in diameter in 
the core of the range west of Leadville. 

The minor igneous and metasomatic rocks range widely in age and origin. Diorite forms many 
small bodies of hybrid rocks related both to granite and gneiss, as well as small intrusive masses. 
Biotite amphibolite, probably metamorphosed lamprophyre, forms an east-trending swarm of hun- 
dreds of dikes that cuts nearly all other Precambrian rocks. Pegmatite, ranging in age from pre- 
granite to the youngest Precambrian rock, is abundant and widespread, as are minor varieties of 
granitic rocks. 


LABORATORY DATA ON THE AGE OF THE PRECAMBRIAN BATHOLITHIC ROCKS 
AND SKARN DEPOSITS OF THE COLORADO FRONT RANGE 


George Phair and David Gottfried 
U. S. Geological Survey, Washington, D. C. 


Isotopically corrected Pb/U and Pb/Th mineral ages limit the intrusion of the Front Range 
batholithic sequence—(1) Boulder Creek complex, (2) Pikes Peak granite, and (3) Silver Plume 
granite—to some interval lying within the time-span 1350 + 50 m.y. to 600 + 50 m.y. The main 
period of intrusion of the Boulder Creek batholith is less accurately dated as 900 + 100 m.y. by 
Pb/alpha studies of 16 zircon samples. Two samples of the Pikes Peak, one a coarse phase, the other 
fine, yielded one Pb®?/Pb%* age on zircon and two Sr8?/Rb*? and A®/K® ages on 
mica, all closely grouped about 1000 m.y.; Pb%*/U28 and Pb®?/U?% ages on the same zircon sample 
were much lower, 624 and 707 m.y., according to G. R. Tilton and co-workers. A Pb/alpha age 
(720 m.y.) on other zircon from the same intrusion agrees with the lower Pb/U ages. For the Silver 
Plume type granite, monazite from a pegmatite cogenetic with the Log Cabin batholith yielded an‘ 
isotopically corrected Pb®*®/Th?™ age of 600 m.y.; zircon in the associated granite gave 700 m.y. by 
the Pb/alpha method. Zircons from three widely spaced Silver Plume type granite dikes cutting the 
main Boulder Creek mass yield ages in the same range as the above (610 + 20 m.y.). In contrast to 
these true granites, granodioritic varieties of the “Silver Plume,” including that at the type locality, 
yield distinctly higher Pb/alpha ages (900 + 60 m.y.). 

Where strongly crushed all rock types of the Boulder Creek complex yield low Pb/alpha (zircon) 
ages approaching the age of the definitely younger Silver Plume type granite dikes. 

At least two distinct periods of formation of high-temperature (skarn) deposits in the Precambrian 
are indicated by: (1) lead-isotope data on galena, (2) alpha/He age data on magnetite, and (3) 
laboratory data on the age of the related intrusive rocks. 


GEOLOGY OF THE SHEEP RIDGE AREA, HOT SPRINGS AND FREMONT COUNTIES, 
WYOMING 


David P. Phillips 
University of Wyoming, Laramie, Wyo. 


The Sheep Ridge area extends across the west-central Owl Creek Mountains and includes one of 
the northwest-trending blocks of the exposed crystalline core of the range. This block of Precambrian 
rocks, known as Sheep Ridge, is bounded by faults and flanked by steeply dipping Paleozoic and 
Mesozoic strata. All systems from the Cambrian through the Cretaceous with the exception of the 
Silurian are present, and the strata aggregate a total thickness of approximately 6300 feet. 
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Folds trend approximately N. 45° W. parallel to Sheep Ridge and are asymmetric to the southwest. 
The major folds are truncated by the Cottonwood Creek fault, a high-angle reverse fault which dips 
approximately 66° NE. and has a maximum stratigraphic displacement of approximately 8500 feet, 
Fault slices and drag folding are associated with the fault. The tectonic history of the area can be 
accurately dated from evidence directly to the south. 

Numerous northwest-trending, basic Precambrian dike swarms accentuate the structural grain of 
the Precambrian complex. Younger Precambrian east-trending dikes are also present. The Cotton- 
wood Creek fault intersects both dike trends. 

The Quaternary Sheep Creek landslide, formerly interpreted as part of a thrust sheet, is composed 
of brecciated blocks of Cambrian limestone and Ordovician dolomite. Strata north of the slide dip 
39° S. The slide was emplaced on a surface dipping 10° S. and underlain by Cretaceous strata. The 
Cottonwood Creek fault is concealed beneath the slide. Cambrian shales, perhaps saturated by 
water, formed the zone along which slippage occurred. 


TRIASSIC STRATIGRAPHY OF NORTHEAST UTAH AND NORTHWEST COLORADO 


Forrest G. Poole 
U. S. Geological Survey, Grand Junction, Colo. 


Lower Triassic strata in the western Uinta Mountains include, in ascending order, the Woodside, 
Thaynes, and Ankareh (restricted) formations. Eastward the units become thinner. The Thaynes 
limestone pinches out, and the lower and upper red beds coalesce to form undifferentiated Moenkopi 
formation. Eastward into northwest Colorado the Moenkopi increases in coarseness and fluvial 
structures. Older strata are present to the east and south and are divisible into two red-bed units 
separated by a carbonate unit. Moenkopi, as used in this report, includes State Bridge formation of 
H. F. Donner and upper part of Maroon formation of N. W. Bass and S. A. Northrop. 

The Chinle formation of Late Triassic age is composed of six lithologic units, in ascending order: 
(1) basal sandstone and conglomerate; (2) purple and red mudstone, mottled siltstone and sand- 
stone; (3) ocher and lavender mudstone; (4) red, brown, and gray sandstone, mudstone, and mud- 
stone-limestone pebble conglomerate; (5) red siltstone with subordinate sandstone and siltstone- 
limestone pebble conglomerate; and (6) orange, brown, and gray sandstone, red and green mudstone. 

Units 1 and 2 are present throughout the area; however, one or the other is locally absent. Unit 3 
extends throughout Uintas and is believed correlative with Popo Agie member of the Chugwater 
formation of Wyoming. Unit 4 is restricted to easternmost Uintas. Unit 5 constitutes most of Chinle 
in northwest Colorado. It is physically correlative with Dolores formation of southwest Colorado, 
Church Rock member of Chinle in southeast Utah, and passes northward into units 3, 4, and 6. 
Unit 6 is restricted to Uintas and intertongues with overlying Nugget sandstone of Early Jurassic 
and possibly Triassic age. 


GRAVITY ANOMALIES AND A SUGGESTED GENESIS FOR PIKES PEAK BATHOLITH, 
FRONT RANGE, COLORADO 


M. N. Qureshy 
Colorado School of Mines, Golden, Colo. 


Airy-Heiskanen anomaly map of Colorado shows anomalies exceeding +35 milligals over Pikes 
Peak batholith and its associated granitic rocks. Near parallelism between gravity-anomaly contours 
and approximate boundaries of the exposed granitic rocks in the Front Range suggests that gravity 
anomalies may provide a criterion for judging the genesis of Pikes Peak granite and associated 
granites. 

Bott (1953) suggested that large positive anomalies may be associated with intrusion of basic 
material at depth, “. .. which has given rise to granite either by differentiation, or by melting the 
sialic rocks it intrudes, and reintrusion of these.” Assuming that this may apply to Pikes Peak batho- 
lith, the writer made computations over the northern end of this batholith in Jefferson County, 
Colorado; a calculated contour map of the Airy-Heiskanen anomaly map was reproduced by using 
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three-dimensional bodies. Densities used in the calculations ranged from 2.77 gms/cc at a depth of 
20.5 km to 3.27 gms/cc at 38.5 km. 

These computations indicate that Pikes Peak batholith probably was intruded as a granitic magma 
which was generated by refusion of rocks at depth by the earlier deeper basic intrusion. 

Previous geological work by Lovering, Boos and Boos, and R. M. Hutchinson (presently mapping) 
indicates that Pikes Peak batholith may be of magmatic origin. Gravity data presented here seem 
to support their contentions. 


SYNTHESIS OF IDOCRASE 


George Rapp, Jr. and Joseph V. Smith 
South Dakota School of Mines and Technology, Rapid City, S. D.; The Pennsylvania State University, 
University Park, Pa. 


During an investigation of phase equilibria in the system CaO-AlO3-SiO2-H2O at the composition 
of zoisite (CagAl;Si;0100H) a Mg-Fe free idocrase was synthesized. The idocrase crystals were eu- 
hedral and prismatic and very closely resembled the zoisite crystals synthesized at slightly lower 
temperatures and higher pressures. Occurring with the idocrase were anorthite and grossularite. The 
synthesis was accomplished in the range 550°-600°C. with pressures 25,000 to 45,000 psi. This field 
lies on the high-temperature side of the region in which zoisite was synthesized. The crystals were uni- 
axial negative with o = 1.710 and e = 1.702 for sodium light. 

Single crystal X-ray measurements showed that the crystals were tetragonal with a = 15.2 and 
c = 11.8 A. These data together with the optical information indicate that the crystals have the 
idocrase structure. The structure determination of idocrase by Warren and Modell indicated a 
formula CayAl,(Mg, Fe)2SisO34(OH), though most natural specimens have a somewhat different 
composition (McConnell). If the Warren and Modell formula applies to the synthetic material, a 
possible formula is CaypAl,Ale(Al:Si;)034(OH), in which AIA! has replaced MgSi. 


ORIGIN OF THE PRE-BELTIAN METAMORPHIC ROCKS OF THE TOBACCO ROOT 
MOUNTAINS, SOUTHWESTERN MONTANA 


Rolland R. Reid 
University of Idaho, Moscow, Idaho 


The Pony and Cherry Creek metamorphic rocks include interlayered leptite, biotite-hornblende 
gneiss, fine- and coarse-grained amphibolites, quartzite, marble, sillimanite schist, anthophyllite 
schist, kyanite schist, hornblendite, pyroxenite, serpentine, anorthosite, mica schist, and magnetite 
schist. Except for gneisses, concordant coarse-grained amphibolites (including ultrabasic rocks), and 
partly cross-cutting fine-grained ortho-amphibolites (metabasalt), the metamorphic rocks seem to be 
of sedimentary origin. The gneisses and coarse-grained amphibolites, controversial in origin, are pre- 
dominant. These rocks may have originated as tuffaceous admixtures in sedimentary rocks, as pre- 
metamorphic sills, or as metasomatites in a pre-orthoamphibolite period of metamorphism. 

The metamorphic rocks have undergone granulite (?) facies metamorphism with development of 
tight isoclinal folds and axial-plane foliation, followed by basalt sill and dike injection, and stil] later 
amphibolite facies metamorphism accompanied by axial-plane folding which produced large open 
upright folds in the foliation. These folds trend differently from the older isoclinal folds. 

Much evidence that would support a particular hypothesis of origin for the feldspathic meta- 
morphic rocks has probably been obliterated by intense deformation and recrystallization. Calcic 
plagioclase occurs in the amphibolites, and sodic plagioclase occurs in the gneisses, either alone or 
associated with microcline-orthoclase. Certain gneisses contain only microcline-orthoclase. These 
facts may be interpreted in several ways. However, certain textures and structures seem susceptible 
to one interpretation only. Feldspar grains commonly include and appear to embay other rock-form- 
ing minerals. Feldspathic bands cut across amphibolite or gneiss layers. Such features seem to sup- 
port best the hypothesis of metasomatic feldspathization. 
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CRETACEOUS COCCOLITHS FROM THE WESTERN INTERIOR OF THE 
UNITED STATES 


Richard Rezak and Robert E. Burkholder 
U.S. Geological Survey, Denver, Colo. 


G. M. Dawson, in 1874, first reported the presence of Coccolithophoridae in the Upper Cretaceous 
rocks of the western interior. Since then these fossils have been forgotten and rediscovered several 
times, but little if any work has been conducted to determine their stratigraphic value. Recent work 
in Europe has revived interest in these planktonic algae, and attempts are being made in this coun- 
try and in Europe to determine their value as guide fossils. Bramlette and Riedel believe that cocco- 
liths are useful for world-wide correlation in the Tertiary. The present study, although it is still in 
its early stages, indicates that they may also be useful in the Cretaceous. 

Coccoliths are the major constituent of the Niobrara chalk and the chalky units in the Pierre shale. 
At times they constitute at least 80 per cent of the sediment sample. They are also abundant in the 
speckled shales of the Colorado group, and some have been recovered from apparently noncalcareous, 
black-shale equivalents of the Niobrara and the Pierre. 

The major difficulty in the study of these fossils is their very small size (about 10 microns). Mag- 
nifications of at least 400 times and commonly as much as 1000 times are necessary to discern dis- 
tinctive features. Until recently, photomicrographs of coccoliths have not been very satisfactory 
because of poor contrast and very small depth of focus at these high magnifications. Fluoridization, 
mounting in high refractive-index media, and high-contrast photo lab techniques have yielded 
satisfactory photomicrographs at magnifications of 1450 times. 


BELT SERIES 


Clyde P. Ross 
U.S. Geological Survey, Denver, Colo. 


The Belt series is an outstanding representative of a kind of sedimentary assemblage, mainly 
marine and world-wide, that is high in the Precambrian sequence. Geologists in the United States 
have commonly applied the name, in the Northwest, to a thick provincial series resting on meta- 
morphosed rocks of so-called Archean type and overlain by strata regarded as of Paleozoic age. 
Various correlations have been proposed at different times for subdivisions of the series. At present 
it seems safest to emphasize group rather than formational names in regional correlations. In descend- 
ing order, the groups are the Missoula, Piegan, and Ravalli. Certain apparently older rocks are not 
assigned to any named group. In addition, the North Boulder group is recognized locally. Intra- 
series unconformities are unknown in the United States but may exist in Canada. 

Most of the series consists of fine-grained rocks, commonly approaching graywacke and arkose in 
chemical character. Some beds are quartzites; others are limestones and dolomites with stromatolite 
reefs. 

Most geologists regard the top of the series as an unconformity. Some argue that this uncon- 
formity represents a major component of geologic time. A break in sedimentation does exist over 
wide areas but is commonly obscure and locally unrecognizable. Paleozoic fossils are now known in 
rocks that have been called Belt. The writer suggests that part of the series as now mapped formed 
synchronously with fossiliferous Cambrian strata elsewhere. The unconformity, where present, 
generally results from a pause during a change in conditions of sedimentation; it is not a major 
time gap. 
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PALEOZOIC SEAS OF CENTRAL IDAHO 


Clyde P. Ross 
U.S. Geological Survey, Denver, Colo. 


Modern paleogeographic maps indicate that central Idaho was part of a major geosyncline through- 
out Paleozoic time. This concept, apparently based on widely separated thick marine accumulations, 
is inconsistent with field data. Within the area of the Idaho batholith, Permian (?) volcanic rocks 
rest either on batholithic rocks or on those of the Belt series. The latter have furnished the xeno- 
liths in the batholith. Westward, late Paleozoic and Mesozoic strata are invaded, and along the 
eastern margin, south of latitude 45°, thick Paleozoic strata are intruded by the batholith. These 
locally exceed 30,000 feet in thickness and thin eastward. Those close to the batholith, especially 
high in the sequence, are regarded as of near-shore origin. The Paleozoic strata, more than 17,000 
feet thick, in southeastern Idaho, are broadly similar except that Cambrian strata are thicker and 
more widespread. North-central Idaho, north of the vicinity of latitude 45°, has no strata of known 
Paleozoic age. Northern Idaho has a few outcrops of Cambrian beds only. The differences in thick- 
ness and character between Paleozoic strata in Idaho and those in western Montana and Wyoming 
(less than 7500 feet thick) imply a hinge line near the eastern boundary of Idaho with a shelf to 
the east and a trough to the west. In south-central Idaho this trough had a maximum width of 90 
miles, a western shore roughly at the east margin of the batholith, and pinched out south of north- 
central Idaho. 

Thus the area of the present Idaho batholith has been a positive block since Precambrian time, 
comparable to but apparently of longer duration than the geanticline in northern Nevada. Any in- 
yasion by marine waters during the Paleozoic was local and brief, except perhaps along the western 
border. 


PRECAMBRIAN GEOLOGY OF THE FERRIS-HAGGARTY MINING AREA, CARBON 
COUNTY, WYOMING 


Ben L. Short 
University of Wyoming, Laramie, Wyo. 


The Ferris-Haggarty Mining area is in the north-central part of the Sierra Madre Range, which 
forms the northwest extension of the Colorado Park Range in southern Wyoming. 

The bedded Precambrian units of the area are low- and medium-grade meta-extrusive and meta- 
sedimentary rocks which have a maximum thickness of 2500 feet. From oldest to youngest the units 
are: hornblende schist, dolomite, slate, thick quartzite with interbedded felsic schists and phyllites, 
pebbly amphibolite, garnetiferous schist, coarse conglomerate, and pillow lava. 

Intrusive igneous rocks are metagabbro and quartz diorite. Metagabbro dikes, originally noritic 
in composition, occur as irregular bodies in the siliceous igneous rocks or as intercalated sheets in the 
bedded Precambrian units. Faulting has been a major factor in the emplacement of the dikes. Quartz 
diorite, which intrudes only the hornblende schist unit, underlies most of the area north of the 
bedded outcrops. 

The major structure is an east-trending synclinorium. The bedded units are compressed into 
overturned isoclinal folds. Normal, reverse, and transverse faults cut the folds. 

The economic importance of the area stems from the now abandoned Ferris-Haggarty Mine. The 
principal ore minerals were chalcocite and chalcopyrite. These occurred in a brecciated zone of the 
thick quartzite unit where felsic schist is in contact with massive quartzite. Localization of the ore 
body was primarily controlled by a flexure on a longitudinal fault plane. 
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YOUNGER PRECAMBRIAN GEOLOGY IN SOUTHEASTERN ARIZONA 


A. F. Shride 
U.S. Geological Survey, Tucson, Ariz. 


Feldspathic and quartzose clastic rocks and cherty dolomites, in a sequence about 1500 feet thick, 
dominate the younger Precambrian Apache group. Individual formations, which represent shallow 
marine deposits, are remarkably uniform in stratigraphic detail throughout the area of distribution, 
Tuffaceous sediments in the lowest formation and basalt flows at the top of the group indicate vol- 
canic activity. The group rests on metamorphic and granitic rocks and in most places is overlain by 
quartzitic sandstones of the Troy quartzite, which is referred to the Cambrian by most geologists. 

Sills of diabase are coextensive with the Apache group and are locally equal to the sedimentary 
rocks in volume. The diabase intrusions were accompanied by extensive metamorphism, especially 
of the carbonate rocks. No other metamorphic effects, except those imposed locally by post-Paleozoic 
intrusions, are apparent in the Apache group. 

In east-central Arizona the Apache group and the Troy quartzite were faulted, then intruded and 
displaced by the thick sills. Farther south fossiliferous Cambrian sandstones, also referred to the 
Troy, were deposited on the diabase. The relations suggest that the northernmost Troy—at least 
1200 feet thick, nonfossiliferous, and of different stratigraphy than the thinner Cambrian formation 
called Troy farther south—should be included in the Apache group. Furthermore the major diabase 
intrusions, heretofore generally considered Laramide, should be assigned to the Precambrian. Wider 
appreciation that deformation preceded and accompanied diabase intrusion during later Precam- 
brian time will aid in deciphering the structural setting of the mining districts of southeastern 
Arizona. 


SIGNIFICANT SEDIMENTARY FEATURES IN MISSISSIPPIAN ROCKS IN CUSTER 
COUNTY, IDAHO 


Betty A. L. Skipp 
U.S. Geological Survey, Denver, Colo. 


Approximately 9000 feet of Mississippian limestones with intercalated quartzose clastic rocks in 
an area west of Mackay, Idaho, has sedimentary features that may aid in an interpretation of the 
Mississippian history of the region. The rocks are underlain by several thousand feet of siliceous 
argillites and overlain by Challis volcanics. They range in age from Osage to late Meramec, possibly 
early Chester, as determined from endothyroid Foraminifera. 

The limestones change from finely crystalline, unfossiliferous, or foraminiferal in the lower half of 
the section to coarse-grained, very fossiliferous, and locally detrital in the upper half. This change 
is accompanied by a corresponding increase in coarseness of the associated quartzose clastics from 
fine siltstones to orthoconglomerates. 

Orthoconglomerate beds, all lenticular, are restricted to the upper 4000 feet of the section where 
they form less than 25 per cent. Of these, the lowermost are thinner, more poorly sorted, have less 
gravel in contact, smaller maximum pebble size, and more subangular pebbles than those in the 
upper 2000 feet. Anomalously the uppermost orthoconglomerates have fluvial characteristics— 
gravel in contact, bimodal size distributions, and upright and inverse graded bedding. Normal marine 
deposition seems to have occurred simultaneously with emplacement of lenses of originally fluviatile 
gravels that were subsequently modified by marine currents. A marginal miogeosynclinal environ- 
ment with gradual shoaling of the seas, some alternation with continental conditions, but a continu- 
ing rapid rate of sedimentation and subsidence is inferred. This concept fits the regional picture as 
it is now known. 
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INTERPRETATION OF GEOLOGIC STRUCTURE OF WESTERN MONTANA 
AND NORTHERN IDAHO 


Harry W. Smedes 
U.S. Geological Survey, Washington, D. C. 


An east-trending trough in western Montana marks a major crustal block which has affected 
sedimentation since Precambrian Belt time and has influenced Laramide deformation. Between 
Helena and Missoula the trough is characterized by infolded Belt and younger strata and is bounded 
by Belt strata to the north and pre-Belt crystalline rocks to the south. The Boulder and Philipsburg 
batholiths and an eastern salient of the Idaho batholith are restricted to the area of this block. The 
northern boundary is marked by en echelon folds and east-west thrusts and lies on strike with the 
straight northern edge of the Idaho batholith. 

Thrust belts east of the Boulder batholith and near the Philipsburg batholith bulge eastward 
within the trough. 

A wedge pattern of northwesterly trending faults in Idaho forms an apparent apex near Missoula. 
Displacement along some of these faults, such as the Osburn, is right lateral. 

These structural elements can be integrated by the following kinematic interpretation: During 
Laramide orogeny the supracrustal rocks of the trough (and perhaps the crustal block itself) moved 
eastward and produced (1) a left-lateral tear zone along the northern border, marked by en echelon 
folds and thrusts which may have localized the northern contacts of the batholith; and (2) eastward 
deflections of the Lewis-Lombard and Philipsburg fold and thrust belts. Right-lateral faults branched 
from the tear zone near Missoula to form a composite wedge that moved relatively westward, as 
though pinched between the trough rocks and those to the north. 


SCRAP MICA RESOURCES OF THE CUSTER AREA, SOUTH DAKOTA 


Joseph B. Smith 
South Dakota School of Mines and Technology, Rapid City, S. D. 


This investigation was undertaken to determine the proved scrap muscovite resources within 5 
miles of Custer, South Dakota. The proved reserves of mica zones in the major pegmatite deposits 
were estimated by depth projection of the mica content of the sampled face for a distance equal to 
not more than half of the length of that face. The projected distance was further limited by the 
structure of the zone. Mica content was obtained from grain-count measurements made by visual 
examination. The accuracy of grain-count measurements was confirmed by assaying equivalent 
samples. A standardized assaying procedure of crushing and screening samples was used to determine 
recoverable mica content. 

Apparently commercial quantities of mica are contained in a few large deposits and several small 
deposits that have been mined intermittently. The total scrap mica reserves of the Custer Area, 
South Dakota, are adequate for the operation of a small mica recovery mill. 


PRELIMINARY REPORT ON THE PRECAMBRIAN OF SOUTH DAKOTA 


Robert E. Stevenson 
State University of South Dakota, Vermillion, S. D. 


Studies of cuttings and cores from recent wells and oil tests and published data have provided the 
material for this preliminary report on the Precambrian rocks of South Dakota. 

The Precambrian of the westernmost part oi South Dakota, including the Black Hills, is a mobile 
belt of metasediments intruded by plutons of granite and pegmatitic granite. 

The Precambrian of the cratonic area of central and eastern South Dakota is dominated by two 
large granitic masses and a smaller dioritic mass. There are also several areas of meta-igneous rocks. 
The Sioux formation, a series of siliceous quartzose sandstones and shales, was deposited on the 
eroded surface of these crystalline rocks. This latter sedimentation process was followed by the in- 
trusion of dikes and other small masses of basic rocks. 
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The Precambrian of South Dakota is overlain by sedimentary strata that range from Cambrian 
to Pleistocene and in the northern Black Hills by Tertiary extrusive rocks. 


STRATIGRAPHY AND ORIGIN OF MAJOR LITHOLOGIC UNITS OF THE 
UPPER TRIASSIC SERIES ON THE COLORADO PLATEAU 


John H. Stewart, Forrest G. Poole, and Richard F. Wilson 
U. S. Geological Survey, Grand Junction, Colo. 


The upper Triassic series on the Colorado Plateau is divisible into four major lithologic units, 
referred to here, in ascending order, as units 1, 2, 3, and 4. 

Unit 1 consists largely of variegated bentonitic claystone and sandstone. It includes the Shinarump, 
Monitor Butte, Moss Back, and Petrified Forest members, and laterally equivalent members of the 
Chinle formation. The sediments were deposited by streams and in lakes on a vast alluvial plain that 
sloped northward and northwestward from an extensive volcanic and sedimentary source area in 
southern Arizona and adjacent states. 

Unit 2 is composed of limestone and siltstone and is the Ow] Rock member of the Chinle formation. 
It is predominantly a lake deposit and is composed of sediments derived largely from an eastern 
source, the ancestral Rocky Mountains in western Colorado and north-central New Mexico. 

Unit 3 consists of a red-bed sequence of siltstone and sandstone and is the Church Rock member of 
the Chinle formation and laterally equivalent strata. The sediments were deposited in lakes and by 
streams on an alluvial plain that sloped southwestward, northwestward, and northward away from 
the source area which was the ancestral Rocky Mountains. 

Unit 4 consists of cross-stratified sandstone and is the Lukachukai member of the Wingate sand- 
stone. The unit was deposited largely by winds blowing toward the southeast. 


UNUSUAL UPPER PALEOZOIC ROCK SEQUENCE IN NORTHERN ALASKA 


Irvin L. Tailleur, Edward G. Sable, and J. Thomas Dutro, Jr. 
U. S. Geological Survey, Menlo Park, Calif. 


Rocks forming Nuka Ridge, near the head of the Colville River, and small outcrops elsewhere in 
the west-central part of the southern Arctic Foothills are unlike Carboniferous and Permian forma- 
tions previously reported from northern Alaska. 

The Nuka Ridge sequence consists of more than 6000 feet of shale, coarse clastics, and bedded 
chert, cyclically deposited in part: 


Unit A pproximate 

thickness 

Sandstone and calcarenite, feldspathic-quartzose; fossiliferous, dolomitic, or glauconitic.. 1000 
Shale; interbedded silty limestone in upper part... 1400 
Shale; thin sandstone beds; black shale zone....... 600 
100 


The Late Mississippian cephalopod Goniatites ci. G. sphaericus (Sowerby) occurs in the second 
unit from the base. Brachiopod faunas of probably late Permian age, characterized by Licharewia, 
Spiriferella, Spirigereila, Horridonia, and Waagenoconcha, occur near the top of the sequence. 
Neither an unconformity nor Pennsylvanian fossils were identified in intervening units. 
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Only the coarse-clastic phase and the younger fauna have been recognized away from Nuka Ridge. 
Coarse-clastic units resemble the 400-foot Permian(?) sequence in Topogaruk test well, 160 miles to 
the northeast. Nuka Ridge is a nearly recumbent syncline that cannot be related structurally or 
stratigraphically to surrounding upper Paleozoic or Mesozoic rocks. This sequence represents an 
unusual type of sedimentation that may have persisted for 50 million years. These rocks, if present 
under the Mesozoic synclinoria to the north, are potentially oil-bearing. 


GEOMORPHOLOGY OF THE CRATER HILL LAVA FLOW, 
ZION NATIONAL PARK, UTAH 


Richard L. Threet 
University of Utah, Salt Lake City, Utah 


Near the southwestern corner of Zion National Park, a sub-Recent basaltic flow from the Crater 
Hill vent spread across a mesa of stripped Shinarump conglomerate, spilled over the rim and flowed 
down the ancestral Coalpits Wash, and expanded onto the flood plain of the Virgin River, covering 
40,000 acres to an average depth of 300 feet. One lobe of the flow pushed across the former course of 
the Virgin River and extended almost a mile up the tributary Grafton Wash; the main lobe of the 
flow pushed 3 miles down valley and bodily diverted a considerable segment of the river and its 
tributaries into flow-marginal consequent courses. Later erosion in the weak Moenkopi red beds 
adjacent to the lava flow brought about conspicuous inversion of relief and exposed sections of pre- 
flow topography beneath the edges of the lava sheet. Distribution of buried topographic irregularities 
and stream gravels, orientation of columnar jointing at the base of the flow, and viscous flow corruga- 
tions of the surface of the flow can be fitted into a detailed restoration of landscape changes associated 
with the lava flow. 

No precise dating of the flow is yet possible, but degree of preservation of the Crater Hill cinder 
cone, flow structures, and other surface features of the lava flow seem most nearly comparable to 
Colton’s Stage III (post-Iowan, but more than 1000 years old) basaltic flows under similar conditions 
in the San Francisco Mountain area of northern Arizona. An apparently contemporaneous basaltic 
flow at Hurricane, Utah, lies on Virgin River gravels that have yielded a peculiarly grooved cobble 
which may be an Indian artifact. 


FAULT SCARPS AND AGE OF FAULTING IN LAKE COUNTY, OREGON 


F. D. Trauger 
U.S. Geological Survey, Albuquerque, N. Mex. 


Fault scarps in Lake County, Oregon, are among the best examples of youthful scarps in the United 
States. All faults observed are normal; discernible throws range from 1 foot to 3000 feet. An addi- 
tional 1200 feet for the Winter Ridge fault is inferred from well logs. 

Principal fault zones of the area fall into two groups, one striking approximately N. 27° E., the 
other approximately N. 27° W. Those trending northwest parallel the Walker Lane in Nevada and 
are probably a continuation of that structure. They also parallel the San Andreas fault and the struc- 
tures of the Rocky Mountain trench. Those trending northeast parallel Basin and Range structures 
in northwestern Nevada and the Hurricane-Sevier trend in southwestern Utah. Individual major 
faults in the northeast-trending fault zones are short but of great displacement and are arranged in a 
herringbone pattern. Faults of the northwest-trending zones are similar but show a less pronounced 
herringbone pattern. The pattern of the faults seems to fit that described by Moody and Hill (1956) 
for wrench faulting. 

The last increment of faulting probably began in late Pliocene or early Pleistocene and continued 
into early Recent. Gastropod shells of probable Pliocene and Pleistocene age are found in faulted lake 
sediments in Summer Lake basin. Northeast of Fort Rock Valley, in the Harney Basin section of the 
Columbia Plateau province, late Pleistocene lava flows are broken by faults showing definite relation 
to i and Range structures. Recent flows abut these scarps or cover them but are themselves 
unbroken. 


|| 
‘ma- 
ded 
‘mate 
ess 
(0) 
0) 
0 
0) 
0 
0 
0 
() - 
) 
ond 
1a, 
ce. 


1748 ABSTRACTS 


GREAT PRECAMBRIAN SHEAR ZONE, SAWATCH RANGE, COLORADO 


Ogden Tweto and Robert C. Pearson 
U. S. Geological Survey, Denver, Colo. 


Numerous subparallel faults and shear zones, some up to several hundred feet wide, define a master 
shear zone 5-6 miles wide that crosses the Precambrian core of the northern Sawatch Range in the 
vicinity of Homestake Creek, Eagle County. The master zone and many of its component shear zones 
trend N. 50°-55° E., and one very strong branch trends N. 75° E. Individual shear zones and faults 
are remarkably straight, have a braided structure, dip steeply, and are spaced a few hundred feet to 
half a mile apart. Pattern and form of the shear zones and displacements of 1-2 miles along a few of 
them indicate that they are left-lateral wrench faults. Total displacement on the master zone is 
unknown but probably is many miles, as it juxtaposes dissimilar provinces. 

The products of shearing, although all derived from the same biotite gneisses and minor granitic 
rocks, are widely diverse and reflect a change from metamorphic to near-surface environments during 
a long period of shearing. At an early stage, new biotite gneiss, slate, and phyllite formed by meta- 
morphism of early mylonite. Later shearing produced mylonite gneiss, micro-augen gneiss, mylonite, 
ultramylonite, and pseudotachylite, and, finally, sheared and retrograde gneisses and breccia, gouge, 
and shattered zones, which are in many places superposed on earlier mylonite. Most of the shearing 
preceded emplacement of Precambrian dike rocks of several types, but some followed. Lesser move- 
ment continued later than the Cambrian, for although some large shear zones disappear beneath 
undeformed Cambrian quartzite, others are marked in the quartzite by sheeting or smali faults. 

A few shear zones are weakly mineralized, and the master shear zone probably constitutes a funda- 
mental geologic control of the Mineral Belt, as it is aligned directly on the trend of this belt. 


STRUCTURE AND VOLCANIC STRATIGRAPHY IN THE SCHOOLHOUSE MOUNTAIN 
AREA, GRANT COUNTY, NEW MEXICO 


Joseph G. Wargo 
University of Arizona, Tucson, Ariz. 


The Schoolhouse Mountain area is bounded by Lat. 32°45’-32°52'30’”’ N., Long. 108°30’-108°37' 
30” W., and is located in northern Grant County, New Mexico, approximately 20 miles west of 
Silver City. 

Volcanic rocks having a maximum thickness of about 9000 feet and ranging in composition from 
basalt to rhyolite crop out in the northern part of the area. The basal units consist of two andesite 
flows which rest on Cretaceous (?) shale. The middle unit is composed of a thick sequence of pyro- 
clastics, welded tuffs, and flows largely of rhyolitic composition. Five formations can be distinguished 
locally. The uppermost unit consists of thin basalt flows interbedded with consolidated gravels of 
Gila (?) age. This sequence of volcanic rocks is much like that observed in most volcanic terranes 
in southwestern New Mexico. 

A major north-trending fault crosses the area and displaces both volcanic and nonvolcanic rocks. 
A second major fault trends east and separates the volcanic rocks to the north from the Cretaceous 
(?) sediments and Precambrian granite to the south. Other structures include a broad, complex 
northwest-trending arch in the volcanic rocks and a series of northwest-trending high-angle faults. 

A study of (1) refractive indices of fused rock, (2) magnetic susceptibilities, and (3) chemical 
compositions will be made in order to determine their value in correlating various units within the 
Schoolhouse Group. 
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STONE STRIPES AT LOW ALTITUDES, NORTHERN UTAH 


J. Stewart Williams 
Utah State University, Logan, Utah 


Foothills of Tertiary Salt Lake group fanglomerate on the east side of Cache Valley at the Utah- 
Idaho line are marked by well-developed stone stripes. Associated with these are solifluction 
lobes and terraces. Flow of coarse mantle from the foothill area has largely erased the shore lines 
of Lake Bonneville both at the Bonneville and Provo levels and produced a ramplike landform ex- 
tending to the valley floor. Elevation of the locality is 4700-5700 feet. 

The absence of such stone stripes at other areas of comparable lithology and topographic position 
suggests a fanglomerate matrix in this area that produces mantle particularly susceptible to solifluc- 
tion. The ramplike slope seems to require a post-Bonneville age for part of these features. Perhaps 
the latter part of their development is related to the climate of the “Little Ice Age.’ The stone 
stripes above lake level may have been developed and intensified through several glacio-fluvial ages. 


SEDIMENTARY FACIES OF THE MOENKOPI FORMATION OF TRIASSIC AGE ON THE 
COLORADO PLATEAU 


Richard F. Wilson 
U. S. Geological Survey, Grand Junction, Colo. 


Three principal lithologic types, representing different processes of deposition, are differentiated in 
the Moenkopi formation. These lithologic types are (1) cross-stratified sandstone and siltstone, (2) 
ripple-laminated siltstone, and (3) horizontally stratified siltstone, claystone, limestone, and gypsum. 
Cross-stratified sandstone and siltstone in the Moenkopi formation largely represent deposition from 
restricted currents, predominantly in stream channels. Ripple-laminated siltstone probably represents 
deposition from unrestricted currents, such as “‘sheet-flow” currents, on tidal flats or river flood plains. 
Horizontally stratified siltstone, claystone, limestone, and gypsum probably represent quiet-water 
deposition, such as in lakes on tidal flats and river flood plains, in marginal lagoons, and in marine 
waters. Restricted current deposits generally predominate closest to source areas, ‘“‘sheet-flow”’ de- 
posits are intermediate, and quiet-water deposits predominate farthest from source areas. 

The facies patterns of the Moenkopi formation indicate that multiple source areas supplied sedi- 
ment for the formation. An abundance of cross-stratified sandstone and siltstone in the salt anticline 
region of western Colorado and eastern Utah and in a deltaic or fan-shaped lobe in southeastern 
Utah indicates an important source in west-central and southwestern Colorado. Additional source 
areas in southern Arizona and New Mexico and in northwestern Colorado are also indicated by the 
facies trends. 

A general northwest trend of facies change from coarser-stream channel deposits in the southeast to 
finer quiet-water deposits in the northwest indicates a northwestward trend of drainage into and 
across the depositional basin of the Moenkopi formation. 


ELEMENTAL TREND IN A DEEP-SEA CORE 


Ralph Yalkovsky 
Montana State University, Missoula, Mont. 


Core A 172-6 taken at a depth of 4160 meters from the eastern extension of the Beata Ridge by the 
Lamont Geological Observatory has been spectrochemically analyzed for selected major and minor 
elements. The data thus obtained as well as published paleotemperature data for correlative interval 
of 10 cm spacing throughout a core length of 9.35 meters have been subjected to a nonparametric 
test for trend. 

Data presented tend to indicate that a trend with depth exists for each element examined, as well 
as for paleotemperature. 
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MODIFIED MILLER VOLUMETER—A PRACTICAL INSTRUMENT FOR 
SPECIFIC-GRAVITY AND POROSITY DETERMINATION 


Ralph Yalkovsky 
Montana State University, Missoula, Mont. 


A design for a direct-reading volumeter to be used for the determination of size by volume of 
both invertebrate fossils and pebbles was published by R. L. Miller in 1948. The writer suggests minor 
modifications in its structure and points out that its value as an instrument for the rapid determina- 
tion of specific gravity and porosity has been overlooked. 


OCCURRENCE OF XENOTIME AND MONAZITE IN PRECAMBRIAN BIOTITE GNEISS 
AND MIGMATITE, GILPIN COUNTY, COLORADO 


E. J. Young and P. K. Sims 
U. S. Geological Survey, Denver, Colo. 


Concentrations of xenotime and monazite of potential economic importance are known at three 
localities about 3 miles apart near Central City, Gilpin County, Colorado. Two of the deposits are in 
biotite-quartz-plagioclase gneiss; the other is in migmatite consisting of alternating thin layers of 
biotite gneiss and pegmatite. The three deposits are considered to be correlative; they are stratigraphi- 
cally about 100 feet above the base of a thick sequence of migmatized biotite gneisses within the 
Precambrian Idaho Springs formation. 

In the biotite gneiss the xenotime and monazite are concentrated into lenticular bodies with a 
maximum thickness of about 3 feet and a maximum strike length of about 100 feet. The two minerals 
are closely associated and constitute an estimated 1 to 3 per cent by volume of the rock; xenotime 
is more abundant than monazite. Although the minerals are irregularly dispersed, most occur in 
biotite and magnetite. Other accessory minerals are sparse. In the migmatite, most of the xenotime 
and monazite is concentrated in coarse layers and clots of biotite irregularly dispersed through 
pegmatite. 

The xenotime and monazite are inferred to have been mobilized by solutions that accompanied 
migmatization of the biotite gneiss. The rare-earth cations and phosphate were selectively concen- 
trated from the country rock and crystallized as xenotime and monazite with biotite in small, local 
bodies. 


BASAL CRETACEOUS DEPOSITS OF THE COLORADO PLATEAU 


Robert G. Young 
U. S. Atomic Energy Commission, Grand Junction, Colo. 


Basal] Cretaceous deposits of the Colorado Plateau consist in most areas of a lower largely non- 
carbonaceous unit, which rests disconformably on Jurassic and older rocks, and an upper carbonaceous 
unit, which intertongues with marine Mancos shale. In many places the basal unit, the Cedar Moun- 
tain formation, is unconformably overlain by the upper unit; in other areas there is no sharp break. 
Traced laterally these units interfinger and are interpreted as facies of a group. 

Fossils of the Cedar Mountain have been considered Lower Cretaceous, whereas those of the upper 
unit are thought to be Upper Cretaceous. Since the two formations appear to be facies of the same 
unit they should be the same age. Marine faunas associated with the upper unit suggest that most, 
if not all, basal Cretaceous deposits on the Plateau are early Late Cretaceous. The upper Greenhorn 
pelecypod Gryphaea newberryi was found in many places bzneath beds of the Aspen type previously 
considered to be Lower Cretaceous. 

In general the Cretaceous marine transgression was from east to west. It was marked by numerous 
halts and temporary retreats during which times most of the deposits were laid-down. The only 
recognizable transgressive deposits are the few inches of reworked material at the base of intercalated 
marine shale tongues. 
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PRELIMINARY RESULTS OF STUDY OF A PERMANENTLY FROZEN LAKE 
IN GREENLAND 


David F. Barnes and Lawrence D. Taylor 
Air Force Cambridge Research Center and U.S. Geological Survey, Menlo Park, Calif. 


During the summer of 1957 the Air Force Cambridge Research Center and Dartmouth College 
studied Angiussaq Lake about 50 miles northeast of Thule, Greenland. This lake has maintained a 
6- to 13-foot-thick ice cover for at least 10 years and is tentatively described as permanently frozen. 
However, a few more summers as warm as 1957 may melt the ice cover. 

The lake-ice crystals were generally platelike in form, oriented with crystallographic axes hori- 
zontal, and ranged in size from about 0.2 to 100 sq. cm in horizontal cross section. The summer 
melting caused the breakdown of all crystal boundaries at the ice surface and the development of 
0.2- to 1.0-cm diameter tubules that penetrated the entire ice thickness. Studies of ice strength by 
in-place cantilever beams indicate that the upper 2 feet of ice has almost no strength, but that the 
lower part of the ice sheet has about three-fourths the flexural strength of cold ice. The ice surface 
had a gently rolling relief of about 1 foot. 

The lake also contained a floating tongue of glacial ice 2 miles long and more than 200 feet thick 
and four ice islands more than 40 feet thick. These thick ice bodies consisted of a central portion of 
granular, stratified ice and a bordering portion of very coarse-grained ice. 

The water depth averaged about 250 feet with a 615-foot maximum. The water temperature was 
about 0.2° C. at the surface and increased to about 0.4° C. at its deepest point. Comparison with 
near-by lakes suggests that the 1900-foot elevation of the lake surface is not sufficient explanation for 
its permanently frozen condition. A favorable balance between the heat carried into the lake by in- 
flowing streams and the total volume of lake water is required. 


FORMATION AND DEVELOPMENT OF BERGH LAKE, MOUNT McKINLEY 
PARK, ALASKA 


Robert M. Chapman 
U.S. Geological Survey, Denver, Colo. 


Bergh Lake was formed in the valley of Stony Creek in 1953 as a result of complete damming of 
the valley and creek by a landslide. It is believed to be the only lake in Alaska that has been formed 
by this process. 

The landslide, a debris slide or debris avalanche, occurred on a steep slope underlain by mafic lava 
flows and tuffs, which are relatively easily weathered. The slide material, which included a large 
amount of clay, was wet, owing in large part to the abnormally high rainfall during the 3 weeks 
preceding the movement. The slide apparently was triggered by an earth tremor at about noon on 
July 17. 

Bergh Lake formed in the valley behind the landslide dam, and the level of the lake rose until 
water began flowing over the top of the dam on August 12, 1953. Most of the cutting of an outlet 
channel was done in 1953; since this time stream erosion has been inhibited by the residual concentra- 
tion of large angular blocks of rock in the outlet channel, and the rate of downcutting has decreased. 
Gradual lowering of the outlet and lake level probably will continue, but drainage of the lake is not 
to be expected in the near future. 


GEOCHEMICAL EXPLORATION IN THE KANTISHNA AREA, ALASKA 


Robert M. Chapman 
U.S. Geological Survey, Denver, Colo. 


Soils and stream sediments in the Kantishna area of interior Alaska were studied geochemically to 
determine the relation of their metal contents to ore deposits. Bedrock in the area is predominantly 
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schist. The metals are in gold-quartz veins, silver-bearing galena veins, and stibnite veins. Sphalerite, 
arsenopyrite, pyrite, and chalcopyrite are accessory constituents of the gold and silver-galena veins, 

The soil cover over the veins is thin; the A horizon is about 0.4 foot thick, and the B and C horizons 
together range from 0.5 to 3.0 feet in thickness. Soil samples were collected from both the A; and C 
horizons. The finer-size fraction of stream sediment was sampled at 47 sites in several streams that 
drain the mineralized area. All samples of soil and sediment were analyzed for lead, zinc, copper, and 
arsenic, and some for antimony. 

Anomalous amounts of arsenic and/or lead in the soil, particularly in the C horizon, are the best 
indicators of the gold and silver-galena veins. Zinc is also present in anomalous amounts at some sites, 
but copper rarely shows more than a background amount. The approximate range of values is: 


A: Horizon C Horizon 
Metal Background "Anomalous Background Anomalous 
Pb < 10-100 p.p.m. > 100-2000 p.p.m. < 10-100 p.p.m. > 100-4000 p.p.m. 
Zn <10-150 >150 < 10-140 150-3000 
As < 10-200 > 200-1200 < 10-300 > 300-4000 
Cu < 10-80 100 (?) < 10-100 (?) > 100 (?) 


In the stream sediments, lead, zinc, antimony, and arsenic show significant variations that cor- 
relate with the known distribution of metals, whereas the copper content is generally low. Stream 
sediments from 12 sites in nonmineralized areas to the east have much smaller amounts of these 
metals. 


VEGETATED SAND DUNES IN CENTRAL ALASKA 


Florence R. Collins 
U.S. Geological Survey, Lake Minchumina, Alaska 


Sand dunes occupy much of two southwestward-trending lowlands northwest and southeast of the 
Kuskokwim Mountains in a triangular area between Ruby, Nenana, and the Alaska Range. The 
southern dune area is 160 miles long and as much as 50 miles wide, and the northern one is nearly 
100 miles long and 30 miles wide. The dune-covered terrain rises from less than 300 feet at the Tanana 
River to more than 1000 feet on the northeastern flanks of many isolated bedrock hills. Long narrow 
sand ridges and V-shaped dunes, all trending southwestward, are the most common forms, but wave- 
like sheets of sand are also present. Individual dunes are 5 to 200 feet high and average about 40 
feet. Crests are a few hundred feet to several miles long, are permafrost-free, and support aspen or 
birch; frozen ground of the intervening depressions supports spruce or muskeg. The sand, which is 
overlain by a thin blanket of loess, consists mostly of fine-grained, well-rounded quartz with some 
multicolored chert. No consistent variations in size, composition, or heavy-mineral content have been 
found vertically within a dune or geographically over the southern region. Fossils are absent. Dune 
orientation, steep lee slopes, and apices of V-shaped dunes all indicate deposition by a northeasterly 
wind, but time of deposition and source of material are uncertain, although the sand was probably 
transported northward by streams from Alaska Range glaciers and was then blown southwest by 
winds similar to those prevailing today. 


STRUCTURAL STUDIES IN THE MAYO DISTRICT, YUKON TERRITORY* 


L. H. Green and K. C. McTaggart 
Geological Survey of Canada, Ottawa, Canada; University of British Columbia, Vancouver, B.C. 


Minor folds and other structures observed in the mapping of Keno and Galena Hills of the Mayo 
District, Yukon Territory, are suggestive of intense deformation with the production of large-scale 
overturned isoclinal folds and low-angle faults. Mapping in the Davidson Range north of Keno and 
Galena Hills shows a large-scale overturned fold. The deformation and metamorphism are believed to 
be less intense in the Davidson Range than at Keno and Galena Hills; slates in the former area are 


* Published by permission of the Director, Geological Survey of Canada. 


& 


cor- 
eam 
hese 


layo 
scale 
and 
to 
4 are 


MEETING IN COLLEGE, ALASKA 1753 


equivalent to schists and phyllites in the latter area. The presence of the large overturned fold ob- 
served to the north is assumed to support the hypothesis of a similar type of structure elsewhere in the 
district. The overturned isoclinal folds are believed to have formed during an early period of deforma- 
tion. In part of the district the axes of these early folds are believed to have been rotated in a later 
period of deformation characterized by open folding, faulting, and the development of a wrinkle 
lineation. The important silver-lead-zinc deposits of the district occur in faults formed after these 
major deformations. 


GEOLOGY OF NORTHEASTERN ALASKA 


George Gryc, William P. Brosge, and Hillard N. Reiser 
U.S. Geological Survey, Washington, D. C. 


Northeastern Alaska, from the Sagavanirktok River east to the Canadian Boundary and from 
approximately Lat. 68°N. to the Arctic Ocean, is relatively little known geologically and is one of the 
most remote and inaccessible parts of the territory. This region has recently received considerable 
attention because it includes a major scientific base for the International Geophysical Year, Defense 
Early Warning bases, part of the area covered by Public Land Order 82, and the proposed Arctic 
Wildlife Range. 

The U. S. Geological Survey has mapped small areas around and within northeastern Alaska; this 
mapping has now been extended by photogeologic studies to provide a reconnaissance map of the 
regions. The Survey is beginning a major mapping program in the Brooks Range. 

The exposed sedimentary rocks range in age from Silurian, or possibly older, through Quaternary, 
with the exception of Pennsylvanian. Igneous rocks, both mafic and silicic, make up a comparatively 
minor part of the area. Mineralized rocks have been reported from a few localities, but the presence or 
absence of major mineral deposits cannot be predicted until more detailed geologic mapping and 
mineral exploration have been completed. 

The belt of sedimentary rocks favorable for petroleum accumulations, including known deposits and 
seepages, extends across northeastern Alaska along the foothills and coastal plain to the International 
Boundary. Possible reservoir beds of Devonian, Mississippian, Cretaceous, and Tertiary age prob- 
ably underlie at least part of the foothills and coastal plain. The Shaviovik and Marsh Creek anti- 
clines are closed structures; other similar structures are believed to be present. 


LATE PLEISTOCENE ENVIRONMENTS AND CHRONOLOGY OF PACIFIC 
COASTAL ALASKA 


Calvin J. Heusser 
American Geographical Society, New York, N.Y. 


Pollen-peat stratigraphy of more than 50 sections from the Alexander Archipelago to Kodiak 
Island serves to reconstruct climatic-physiographic events. A chronology is developed from radio- 
carbon dates of basal and interbedded peats. The region encompassed is covered by the coast forest 
formation, except on Kenai Peninsula where elements of the interior forest are associated. Repre- 
sentative sections are from the following: 

(1) Alexander Archipelago oldest sections begin at 10,800 + 600 B. P., represented by late-glacia! 
park tundra (alder-willow-lodgepole pine). Late glacial-postglacial boundary is ca. 10,300 + 400 
B. P., and an early-postglacial cool-moist climate is indicated by pine-alder-ferns. The hypsithermal 
interval ensues from ca. 7800 + 300 B. P. to ca. 3500 + 250 B. P. with succession from Sitka spruce- 
alder-ferns to western hemlock-spruce-Lysichitum. Subsequent cooling-greater humidity is revealed 
by muskeg growth (pine-heaths-sphagnum) and increase of mountain hemlock. 

(2) Icy Cape section is dated at 10,820 + 420 B. P. Climatic sequence follows the previous pattern 
here and at other stations discussed. Conifer forest succession, however, is slower, and hemlock never 
achieves the important position shown in Alexander Archipelago sections. 

(3) Prince William Sound-Katalla sections are dated respectively 9440 + 530 B. P. and 9510 + 
475 B. P., and Jate-glacial and postglacial times begin later than at sections to the southeast. Conifer 
forest succeeds slowly, and mountain hemlock is the dominant tree. 

(4) Kenai Peninsula sections are estimated ca. 9000 B. P. Late-glacial birch-willow-sedge succeeds 


Be 2 - 

rite, 
‘ins. 
ONS 
dC 
that 
and 
pest 
ites, 
sis: 2 
the 
The 
arly 
ana 
TOW 
ave- 
t 40 
n or 
ch is 
ome 
June 
erly 
ably 
t by 


1754 ABSTRACTS 


to alder-birch which subsequently is invaded by conifers. White, black, and Sitka spruces are rela- 
tively recent arrivals. 

(5) Kodiak sections are also figured ca. 9000 B. P. Alder decreases, and birch increases, in im- 
portance upward stratigraphically. Sitka spruce has migrated only recently. 

Vulcanism, glaciation, and land-sea level changes are evident from these studies: 

(a) Notable volcanic eruptions indicated by ash horizons are: Kodiak 3, Kenai 3-6, Prince William 
Sound-Katalla 2, Icy Cape 2, Alexander Archipelago 2. Mt. Edgecumbe in S. E. Alaska erupted at the 
close of the early-postglacial pine period. 

(b) Glaciers were active early and late in the postglacial with some minor activity during interven- 
ing time. 

(c) Land-sea level changes are measured and dated approximately as follows: 

Juneau: ca. 150 feet in 1500 years since ca. 7800 B. P. with ca. 5 feet in the last 6300 years. 

Lituya Bay: ca. 200 feet in 1200 years since ca. 8100 B. P., ca. 80 feet additional in 5700 years 
since ca. 6900 B. P., and ca. 30 feet in the last 1200 years. 

Katalla: ca. 80 feet in 850 years since ca. 7650 B. P., ca. 60 feet additional since ca. 6800 B. P., 
and ca. 40 feet in the last 3800 years. 

These studies are being carried out with support from the Office of Naval Research. 


GEOLOGY OF THE BEDROCK AND LODES OF THE NOME GOLD FIELDS, ALASKA 


C. L. Hummel 
U.S. Geological Survey, Menlo Park, Calif. 


Field investigations have been made of the bedrock and lodes in an area 15 miles wide extending 
35 miles north of Nome that includes the Nome gold fields. Nearly all the bedrock has been regionally 
metamorphosed; lower-grade metamorphic rocks prevail throughout the southern three-fourths of the 
area, and the highest-grade rocks crop out only in the Kigluaik Mountains in the northernmost part. 
Most of the bedrock is quartzose and calcareous schist and interbedded marble of sedimentary 
origin. Mafic and silicic igneous and meta-igneous intrusive rocks are present throughout the area but 
are most abundant in the Kigluaik Mountains. 

Structures resulting from two orogenies are present in the area. An earlier orogeny, accompanied by 
regional metamorphism, produced a series of northward-trending major folds and minor lineations. 
These were strongly modified during a later orogeny that gave rise to the Kigluaik Mountains and 
a group of structures with strong eastward trends. 

Nearly 100 lode deposits that were the source of the gold placers at Nome are known. Most are 
base-metal deposits of antimony, copper, lead, and zinc; though they predominate in a few lodes, 
gold and scheelite are present mainly as minor constituents of the base-metal deposits. Many of the 
deposits are of high grade, but all those known are too small to be of economic importance. Most of 
the lodes are associated with later-formed structures and are genetically related to the Kigluaik 
orogeny, thought to be of Tertiary age. 

Pegmatites and metasedimentary graphite deposits, found only in the Kigluaik Mountains, have 
no present economic value. 


ALASKAN GEOGRAPHIC NAMES 


R. E. Isto 
U. S. Geological Survey, Fairbanks, Alaska 


In order to insure good geographic name data on Alaskan mapping projects the following system 
has been developed: (1) a study of all existing maps, charts, plates, and similar material; (2) a study 
of all publications of the area; (3) a study of all Board on Geographic Names decisions for the area; 
and finally (4) questioning of all local residents possessing geographic name data. 

Alaska has names from many sources—early Russian explorers, English explorers, native names, 
names left by mining activities, etc. 

Many people, both in Alaska and elsewhere, naturally ask the question, “How does one go about 
naming a feature?’’. Any person, organization, or government agency may propose a name for ap- 
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plication to a natural feature or may request approval of a name already in use. Such proposals 
should be sent to the U. S. Board on Geographic Names in Washington, D. C. 

With at least half the features still unnamed, Alaska is an area where many new names will be 
adopted in future years. 


PROGRESS REPORT ON THE GEOLOGIC MAPPING OF SOUTHEASTERN ALASKA 


E. H. Lathram, R. A. Loney, W. H. Condon, and H. C. Berg 
U.S. Geological Survey, Alaskan Geology Branch, Menlo Park, Calif. 


Reconnaissance geologic mapping of southeastern Alaska at the scale of 1:250,000 was begun in 
the Juneau quadrangle in 1956, under the long-range Minerals Program of the Geological Survey. 
Northeastern Chicagof Island and northern Admiralty Island have been mapped, and mapping of 
the area of the Chilkat Mountains was essentially completed during the 1958 field season. 

Northeastern Chicagof Island is composed of argillite, graywacke, limestone, and conglomerate of 
Silurian(?) to Late Devonian age, unconformably overlain by volcanic rocks of Late Devonian age, 
in turn unconformably overlain by limestone and shale of Mississippian age. The whole forms a broad 
syncline, cut by northwestward-, northeastward-, and eastward-trending faults, and intruded by 
dicrite probably during Mesozoic time. The rocks are slightly metamorphosed. 

Nothern Admiralty Island is composed of graywacke semischist, sericite schist, greenschist, slate, 
and phyllite, in part Permian in age, overlain, probably unconformably, by greenschist and green- 
stone in part Late Triassic(?). The rocks are intensely folded and faulted, moderately metamorphosed, 
and form an anticlinorium plunging about 10° SE. Graywacke and slate overlain by conglomerate, 
probably Jurassic to Cretaceous in age, are faulted against the Permian rocks to the west along the 
valley of Admiralty Creek. A granite stock intruded the greenschist west of King Salmon Bay. 

Mapping in the Chilkat Mountains indicates that the rocks are Silurian(?) to possibly Triassic and 
are complexly folded and faulted. A large igneous intrusive is believed to occupy the central area of 
the southern Chilkat Mountains. 


OXIDATION-REDUCTION OF DITHIZONE 


Nalin R. Mukherjee and Leo Mark Anthony 
University of Alaska, College, Alaska 


Dithizone (Diphenylthiocarbazone) is a colorimetric indicator used extensively for the determina- 
tion of trace quantities of metals. In organic solvent solution its oxidation rate is fairly rapid, and the 
oxidation product (Diphenylthiocarbadiazone) is not a colorimetric indicator. 

This oxidation is principally thermochemical and photochemical reaction, although the nature of 
the solvent considerably influences the rate of oxidation. Suggestions made in the past for prevention 
of the oxidation are not satisfactory. 

This oxidation creates a serious problem in the use of dithizone for geochemical prospecting especi- 
ally because ferric ions present in natural soil and water, heat, and light from the sun promote oxida- 
tion at an accelerated rate. 

Studies have indicated that certain reagents can be used to decrease the oxidation rate. Detailed 
information and the effect of these reagents are discussed. 


GLACIER FLUCTUATION BETWEEN 1911 AND 1958 IN THE McMURDO SOUND 
REGION, ANTARCTICA 


Troy L. Péwé 
U.S. Geological Survey, Dept. of Geology, University of Alaska, College, Alaska 


Glaciers on the west side of McMurdo Sound which were photographed in 1910-1911 by Griffith 
Taylor on Scott’s Last Expedition were revisited in 1957-1958 under the auspices of USNC-IGY to 
determine glacier fluctuations during this interval. Most of the steep-fronted almost debris-free alpine 
glaciers terminate on ice-free land in this area. Termini of the Canada, Davis, Hobbs, Rhone, Marr, 
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Lacroix, Suess, and other glaciers were rephotographed from the same spot at which earlier photo- 
graphs were taken. Study of past and present positions of the termini of the Taylor, Koettlitz, and 
Ferrar glaciers, huge outlet glaciers emanating from the Antarctic ice cap, was possible by use of old 
maps and photographs. 

Comparison of photographs and maps reveals no discernible change in the position of the front or 
thickness of the glaciers in this half-century interval, although there is a suggestion of slight gully 
deepening by ice-surface streams near the termini of a few glaciers. This stability for such a period of 
time is in great contrast to glaciers in temperate and subarctic latitudes throughout the world where 
they have almost universally retreated great distances in the last 50 years. 

Precipitation is very low in the McMurdo Sound region; therefore annual glacial-ice accumulation 
is small. Glacier stability indicates low ablation rate and supports the belief that Antarctic glaciers 
have a sluggish regimen. 


ALPINE GLACIERS ON THE WEST SIDE OF McMURDO SOUND, ANTARCTICA 


Troy L. Péwé and Norman R. Rivard 
U. S. Geological Survey, Dept. of Geology, University of Alaska, College, Alaska 


Many valley glaciers from half a mile to 20 miles long and a quarter of a mile to 4 miles wide flow 
toward the sea from the low mountains on the west side of McMurdo Sound at Lat. 77°30’-78°20' S. 
These glaciers head in one or more cirques at altitudes of 2000 to 7000 feet and are not connected to 
the Antarctic ice cap. The glaciers contain very little debris internally or on the surface. They are 
greatly different from glaciers of lower latitudes because where the ice spreads out from the confining 
valley the glaciers have vertical almost debris-free fronts and sides 100 to 200 feet high. The vertical 
sides expose almost a longitudinal cross section for part of the glacier and show such features as debris 
concentrated along shear planes. The glaciers have a temperature below freezing throughout, and no 
water issues from under or within the ice. A few small ice-surface streams dribble over the vertical 
escarpments as waterfalls for a very few days in summer. Firn line is approximately 1200 to 1500 feet 
above sea level in this area, but much of the meltwater refreezes and is retained as superimposed ice. 
The surface of the ice on the lower part of the glacier was weakly inscribed, but there were con- 
spicuous drainage lines on the slightly convex glacier surface. 

This is an area of very little precipitation and therefore of slow ice accumulation. Also, the 
ablation rate is very low, and the net annual change in glacier thickness and position is small. 


BIOGEOCHEMICAL SAMPLING IN ALASKA 


Hansford T. Shacklette 
U.S. Geological Survey, Denver, Colo. 


Some results of research on methods of biogeochemical prospecting by the U. S. Geological Survey 
in Alaska during the summer 1957 are presented, and partial interpretations are given. Additional 
evidence indicates that plants accumulate metallic elements in far greater concentration than is 
found in the substratum. 

The ability to absorb metallic elements varies with the species of plant; some species average 15 
times as much (expressed in ash percentage) as others. Variations also exist in absorption of different 
elements within a single species; some average low in copper, lead, and zinc, others average high in 
these elements, and some average high in one element and low in others. Different parts or ages of 
growth show characteristic percentages of metallic-element accumulation, with very young and 
more than 2-year-old tissues showing the lowest. Variabilities of metallic-element accumulation 
within each species are presented as ratios of high to low concentration. All combinations of variability 
are found. 

Ash yield, based on percentage of dry weight, ranges from 0.8 to 36 per cent. The more woody @ 
tissue, the lower percentage ash yield. Correlation of metallic-element accumulation in plants with 
that found in the soil on which they are growing was made for 838 specimens. Positive correlations 
are common, particularly at the higher concentration levels in plants, but often the comparisons show 
no correlation. The complexity of interaction of the many factors involved presents difficulties which 
more extensive data, being gathered this current summer, may materially clarify. 
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LATE WISCONSIN AND RECENT HISTORY OF THE MATANUSKA GLACIER, ALASKA 


John R. Williams and Oscar J. Ferrians, Jr. 
U. S. Geological Survey, Washington 25, D. C. 


Matanuska Glacier, 82 miles N. 60° E. of Anchorage, filled the Matanuska Valley and terminated 
between Anchorage and Willow during Wisconsin time (Naptowne of Karlstrom, 1953; 1957; Miller 
and Dobrovolny, 1957). The glacier stagnated in the lower Matanuska Valley. It readvanced in the 
upper valley to positions 24-5 miles from the present glacier more than 8000 years ago. During this 
readvance the glacier blocked Caribou Creek, Glacier Creek, and the upper Matanuska River. The ice 
positions are marked by moraines and marginal channels; the floor of the innermost channel is covered 
locally by pond silt and undisturbed surface peat. The base of this peat, at a site only 6000 feet 
N. 80° W. of the glacier terminus, is 8000 + 300 radiocarbon years old (W-431). Thus the glacier has 
not covered this site since that date, and the channel is older than 8000 years. 

These events (pre-8000 years) were followed by glacial retreat and canyon cutting, which probably 
took place during the altithermal. Moraines, probably formed in the last 4000 years, occur in the 
valley bottom 1, 14, and within 14 mile west of the terminus. The moraine 1 mile from the glacier 
locally has a thin mantle of loess which is oxidized to a depth of 4-5 inches. The outer moraines are 
covered by spruce and spruce-deciduous forest 100-126 years old. An advance prior to 1898 is re- 
corded by unvegetated moraines marginal to the ice. Photographs show only minor horizontal retreat 
but considerable thinning of the glacier since 1898. 


REGIONAL GEOLOGIC INTERPRETATION OF AEROMAGNETIC PROFILES OF 
SELECTED AREAS IN ALASKA 


Isidore Zietz, Gordon E. Andreasen, and William J. Dempsey 
U.S. Geological Survey, Washington, D. C. 


Aeromagnetic traverses have been flown over some of the sedimentary basins in Alaska by the 
U. S. Geological Survey in order to obtain a better understanding of the regional geology and an 
estimate of the thickness of sedimentary rocks in these areas. The magnetic data are presented in the 
form of profiles. 

The basin areas under investigation are Yukon Flats and the adjacent Kandik Segment, the 
Middle Tanana, and the Susitna Lowlands north of Cook Inlet. In the Susitna area, the magnetic 
data delineate the contact between the rocks of the Talkeetna geanticline and the Alaska Range 
geosyncline to the northwest and indicate that the north end of the Cook Inlet Tertiary basin is 
shallow. North-south profiles near the eastern edge of the Yukon Flats basin south of the Arctic 
Circle indicate the probable presence of near-surface volcanic rocks. 

A long profile from Anchorage to Nome, across many of the major tectonic elements in Alaska, is 
also presented. Examination of this profile indicates that: (1) the west and east edges of the Tal- 
keetna geanticline can be delineated; (2) under the Alaska Range geosyncline, the Tanana geanti- 
cline, and most of the Kuskokwim geosyncline, the sedimentary section is thick, or the basement 
rocks are nonmagnetic; and (3) there is no great thickness of sedimentary rocks under Norton Sound. 
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GEOGRAPHIC WORK OF DANIEL COIT GILMAN 


Robert L. Anstey 
Quartermaster Research and Development Command, Natick, Mass. 


Present-day geographers are rarely conversant with the contributions made by many geographers 
in the past. One of the least known of this group is Daniel Coit Gilman. 

Gilman was the initiator of graded school work in geography, the chronicler of mid-nineteenth 
century geography, and a student of the geographic concepts of Carl Ritter. While he presented 
Ritter’s geographic concepts to hundreds of college students, he did not radically modify Ritter’s 
views or devise new methods for the study of geography. He was, however, the first to depart from 
the naturalist cosmography that characterized the work of many geographers in this period and to 
concentrate on political geography and the distributional aspects of the earth’s physical features. 
While he was School Visitor in his native Connecticut, he clearly saw the need for division of the 
common schools into grades, and he later collaborated with Guyot in the preparation of geographic 
text books for the first graded school system in the country. Although he gave many lectures on 
geographic subjects while he was President of the University of California, and later of The Johns 
Hopkins University, he did not achieve his wish for the establishment of a professorship in geography 
during his tenure at either institution. In both instances, a department of geography was established 
soon after he departed. Gilman has been highly regarded as a university administrator, but his in- 
fluence in the development of modern geography in this country must also be recognized. 


EMERGENCE OF GEOLOGY AS A PUBLIC FUNCTION 


William Back 
U. S. Geological Survey, Arlington, Va. 


This paper is concerned with the forces, other than those of geology itself, that have brought 
about an intellectual environment conducive to increased public support for the study and applica- 
tion of geology. The advancement of geology was accepted as a permanent responsibility of the 
American people on March 3, 1879, by the congressional act that created the U. S. Geological Survey. 

The first attempts at governmental application of geologic knowledge in the United States were 
represented by the State surveys that flourished during the 1830's. In general, as each succeeding 
State was admitted to the Union a survey would be organized, be active for a brief time, and cease. 

Many changes in political, philosophical, and administrative attitudes and practices occurred 
during the half century from 1830 to 1879. The coercive attitude toward governmental activities was 
detrimental to the initiation of significantly new functions of government. As this attitude changed 
and the point of initiation of Federal activities gradually shifted from the Congress to the adminis- 
trators of the newly formed and expanding departments, it became possible for geologic investiga- 
tions to begin on a modest scale. 

The opening of the western lands for settlement and the location of routes for the railroads demon- 
strated the need for greater geologic knowledge. The Civil War provided an opportunity for training 
the potential leaders of the western surveys that immediately preceded the creation of the U. S. 
Geological Survey. This need, coupled with the competent leadership of the western surveys, indi- 
cated even in the “age of magnificent planlessness” that geology possessed a potential value that 
should be under the aegis of the general government. 


PRELIMINARY EXPERIMENTS ON THE DISTRIBUTION OF SELENIUM BETWEEN 
COEXISTING SULFIDES 
Philip M. Bethke, Paul B. Barton, Jr., and Norman J. Page 
U. S. Geological Survey, Washington, D. C. 
If the distribution of minor elements between two coexisting minerals can be determined as func- 
tions of temperature and pressure, then, using the distribution of two or more minor elements, it 
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should be possible to determine the temperature-pressure conditions of mineral formation. Minor- 
element distribution should also provide a much-needed criterion for equilibrium between minerals 
because all minor elements should give concordant temperature-pressure values for any pair of min- 
erals formed in equilibrium. 

Selenium was chosen for this preliminary study because selenides form extensive solid solutions 
with sulfides and because the large differences in unit-cell size permit precise determination of com- 
positions of these solid solutions by X-ray diffraction methods. The distribution constant, 
K = [PbSe][ZnS]/[PbS][ZnSe], for selenium between sphalerite and galena at 900°C. is 20.3 + 2.0, 
The solid solutions appear to be ideal (that is, K is constant) at least up to 35 mol per cent PbSe. 
The effect of pressure calculated from the room temperature unit-cell dimensions is given by the 
equation, logio K = 1.308 — 0.0000194 P (in bars). The distribution “‘constants’’ for selenium be- 
tween galena and chalcopyrite of the composition Cuy.ooFe:.00 (S, Se):.90 at 550° and 600°C. (K = 
[PbSe]’-“[CuF eS, 90]/[PbSj!-[CuFeSe;.90]) are positive functions of the amount of selenium present 
showing that one or both of the solid solutions are nonideal at these temperatures. Selenium is en- 
riched in galena relative to chalcopyrite, and the degree of enrichment increases with decreasing 
temperature; the calculated pressure effect is very small. 


PLANE OF ALBITE COMPOSITION TO 1000°C. AND 26,000 BARS 


Francis Birch and Paul LeComte 
Dunbar Laboratory, Harvard University, Cambridge, Mass. 


The boundary between the fields of stability of albite, on one hand, and jadeite + quartz, on the 
other hand, has been determined experimentally at pressures ranging from 20,000 bars to 26,000 
bars and temperatures ranging from 700°C. to 1000°C. The melting curve of albite was determined 
between 15,000 and 20,000 bars. The experiments were carried out in the apparatus used by Robert- 
son, Birch, and MacDonald in their determination of jadeite stability relations to 25,000 bars. In 
the investigation of the reaction albite = jadeite + quartz, the charges consisted of natural minerals, 
whereas albite glass as well as natural albite was used in the determination of the melting curve of 
albite. 

The curve albite = jadeite + quartz corresponds roughly to the equation P = 6000 + 207 where 
P is the pressure in bars and T the temperature in degrees centigrade. This is in good agreement 
with the curve of Kelly based on thermochemical data; jadeite and quartz lie on the high-pressure 
side of the boundary. 

The equation of the melting curve of albite can be written as T = 1115 + 0.011P. This shows a 
much smaller increase of the melting point with pressure than was previously estimated. 


SOLUBILITY OF SILVER SULFIDE IN SODIUM POLYSULFIDE SOLUTIONS 


Paul L. Cloke 
Dunbar Laboratory, Harvard University, Cambridge, Mass. 


Measurements have been made of the solubility of silver sulfide in sodium polysulfide solutions. 
The results show that the solubility increases rapidly with the proportion of dissolved sulfur, the 
concentration of polysulfide, and the temperature. The solubility in solutions saturated in sulfur 
decreases slowly as pH changes from 11.0 or 12.0 to 9.0, but further decrease to pH 7 causes a sharp 
drop nearly to zero. At 30°C. with 0.5 mole Na»S;/liter (pH 10.7) the solution contains 90 mg 
Ag/liter; on heating to 90°C. this increases to 208 mg Ag/]. A solution originally containing 0.5 
mole Na2S;/] and saturated by HS contains 38 mg (pH 7.65). 

E,, pH, and pS~ were measured using platinum, glass, and silver-silver sulfide electrodes. Using 
the values obtained it appears that S;~ and/or higher polysuifides must be present. Evidently the 
solubility of AgeS closely parallels the concentration of S;~, and probably also that of higher poly- 
sulfides. By assuming that nearly all the polysulfide is as S;~ in solutions saturated in sulfur, and 
that silver is dissolved as AgS;~ ion, it is possible to calculate the solubility of AgsS quite accurately. 
Application to solutions unsaturated in sulfur has not been successful. 
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The relations thus far determined show that Ag,S may be precipitated in six different ways from 
polysulfide solutions: (1) by decreasing the pH of a solution saturated in sulfur—e.g., by adding 
H.S; (2) by raising the pH in the absence of elemental sulfur; (3) by disproportionation of S;~—e.g. 
to S,- and SO,~ as pyrite and alunite; (4) by drop of temperature, (5) by oxidation, and (6) by 
dilution. 

The solubility and precipitation of copper sulfide appear to be similar, except that the stable phase 
changes from chalcocite to digenite to covellite with increasing sulfur content. 


ASA GRAY AND AMERICAN GEOLOGY 


A. Hunter Dupree 
University of California, Berkeley, Calif. 


The career of Asa Gray, the leading botanist in nineteenth-century America, impinged on geology 
at many points. He began his scientific career under the tutelage of an old-style naturalist who set 
him to collecting fossil animals and minerals as well as plants. By 1842, when Gray went to Harvard, 
this interest had died out, but other influences on him, especially from Europe, led him silently to 
accept the assumptions of uniformitarianism. Hence when, stimulated by letters from Charles Darwin 
in the 1850’s, Gray took up the problem of the relationship of the floras of eastern North America 
and eastern Asia, he proceeded on the basis of geological ideas directly opposed to the catastrophism 
of Louis Agassiz. Because of the conflict with Agassiz Gray had to choose his geological data care- 
fully, at some points preferring the advice offered by James Dwight Dana. Gray’s accomplishment 
in explaining disjunct distributions of species and genera of plants in terms of the vicissitudes of 
geological history since the Tertiary was a major contribution to science and an important step in 
introducing Darwinian ideas into the United States. In the 1870’s Gray refined and extended his 
theories of evolutionary plant geography. His influence in leading American science to think in terms 
of evolutionary sequences was recognized and acknowledged by such men as the paleobotanist Lester 
Ward. 


DEVELOPMENT OF GEOLOGICAL THOUGHT CONCERNING ULSTER COUNTY, 
NEW YORK 


Jules D. Friedman 
U. S. Geological Survey, Washington, D. C. 


Ulster County of eastern New York, although studied repeatedly during the nineteenth century 
and early years of the present century, remains today largely unmapped geologically. Yet within its 
boundaries the standard sections for North America of many lower Devonian formations were de- 
limited. Silurian and Devonian stratigraphy of the county, first studied comprehensively in the 
1830’s by Mather for his report on the First Geological District of New York, was the subject of 
countless reports in succeeding years by Darton, Prosser, Hartnagel, Van Ingen and Clark, Grabau, 
Chadwick, Schuchert, Goldring, C. K. and F. M. Swartz, G. A. Cooper, and many other writers. 
Paradoxically, knowledge of its Ordovician stratigraphy was confused and advanced slowly during 
this time. 

The beginnings of an understanding of Silurian and Devonian structure of this part of the northern 
Appalachians developed during the nineteenth century. Recognition of the widespread ‘unconformity 
between intricately deformed Ordovician clastic rocks and comparatively undeformed Silurian con- 
glomerate provided the best evidence for the Taconic orogenic pulse in eastern North America. 
Similarly, faulted and folded Devonian beds and associated unconformities at Kingston suggested 
the probability of an Acadian orogenic movement after Middle Devonian time. Recent workers 
believe many of the previously recognized Silurian and Devonian stratigraphic units of Ulster County 
transgress time lines sharply. Such speculation indicates the need for even newer information on the 
relationship between tectonic history and stratigraphic correlations. 

The most recent work has been a new and possibly successful attempt to unravel the knot of Ordo- 
vician stratigraphy and structure by means of graptolite zoning. 
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DEVELOPMENT AND USE OF TOPOGRAPHIC MAPS AS A BASE FOR DELINEATING 
GEOLOGICAL INFORMATION BY AGENCIES OF THE FEDERAL 
GOVERNMENT 1800-1879 


Herman R. Friis 
The National Archives, Washington, D. C. 


The history of the development and use of the topographic map as a base for showing geological 
information obtained during field reconnaissance and survey is a matter of but infrequent and fugitive 
record. This is especially true as that history pertains to the work of agencies of the Federal govern- 
ment. Time precludes our presentation at this meeting of all but the highlights for the period about 
1800 to 1879. 

This presentation of the highlights will include colored-slide reproductions of significant examples 
of these official cartographic records in the National Archives that were created by Federal agencies 
during geological and topographic exploration and systematic surveying and mapping activities. 

We shall discuss, describe, and show examples of the topo-geological products of such major geo- 
graphical exploring expeditions as the Lewis and Clark Expedition of 1803-1806; the Major Stephen 
H. Long Expedition of 1819-1820; Henry Schoolcrafts Expedition to the source of the Mississippi 
River in 1831-1832; Joseph I. Nicollet’s mapping of the hydrographical basin of the Upper Mis- 
sissippi River Basin in 1836-1840; the John C. Fremont Surveys of the West in 1840-1848; the 
Pacific Railroad Surveys of 1853-1857; topo-geological mapping during the Civil War; and the 
Hayden-King-Wheeler and Powell surveys of the West during 1867-1879. Brief reference will be 
made to the evolution and history of the use of the hachure, form line, contour, stippling, shaded 
relief, and gradient tints on maps to show terrain features especially in relation to their potential 
and actual use as a base for delineating geological information. 


GEOLOGY PLUS ADVENTURE: THE STORY OF THE HAYDEN SURVEY 


J. V. Howell 
1510 Philtower, Tulsa, Okla. 


Within recent years several books have appeared dealing with John W. Powell and his explora- 
tions of the arid regions of the West. Only months ago a biography of Clarence King was published. 
But to date there has been published no full or accurate account of the equally extensive explorations 
of Lt. G. K. Warren, or of the vastly more extensive and detailed Survey headed by F. V. Hayden. 

Soon after Hayden’s death in 1887, his long-time friend and associate compiled an extended 
biography, but it has remained in government archives to this time, for some reason unpublished. 

It is the purpose of this paper to bring out some of the results of the Hayden Surveys, and point 
out the extensive influence of its work and the relative permanence of the basic geology obtained. 
Among other achievements may be cited the present acceptance of stratigraphic units named by 
Hayden and his assistants, and the emphasis on prompt publication of each season’s field work before 
going to the field again. 

The Survey was a great training school not only for geologists but for workers in other branches 
of Natural Science. A listing of Hayden men who attained eminence in science, law, teaching, business, 
and even in politics shows very clearly that selection of the more than 200 members of the various 
expeditions was no haphazard process. 

The brief review of the work, results, and experiences of the Hayden organization is preliminary 
to a complete history, preparation of which is in progress by F. M. Fryxell and the writer. 


PHASE RELATIONS IN THE SYSTEM SILVER-TELLURIUM 
Frank C. Kracek and Charles J. Ksanda 
U.S. Geological Survey, Washington, D. C.; Los Gatos, Calif. 
A phase diagram is presented for the system Ag-Te, as studied by differential thermal analysis. 


supplemented by microscopic and X-ray studies. 
Only two compounds exist in the system—AgyTe, identical with hessite, and Ag;Te;, to which the 
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compositions AgTe, Ag7Te;, Ag;Te2, AgieTe;, and Ag;Te, had previously been assigned. This com- 
pound has the ideal formula of empressite. 

AgsTe; melts incongruently, with a peritectic at 460° + 5°C., to form crystals of AgsTe and a 
liquid containing 48.7 atomic per cent Ag. 

AgeTe melts congruently at 960°C. and forms two liquid layers with silver-rich melts at 881° + 
3°C.; the compositions of the two immiscible liquids are 69.6 and 87.5 atomic per cent Ag, the eutectic 
for AgeTe, Ag, and liquid being at 869°C., 87.5 atomic per cent Ag. 

The eutectic of Te, Ag;Tes, and liquid is at 353° + 0.5°C., 33.3 atomic per cent Ag. 

The two compounds, Ag;Te; and Ag»Te, undergo crystalline transitions of special interest. AgoTe 
undergoes two transitions located in silver-rich preparations at 802° + 2°C. (II = I) and 145° + 2°C. 
(II = III). In preparations with excess Te the transitions are at 689° + 5°C. (II = I) and 105° + 
25°C. (II = III). The composition limits beyond which the transitions are isothermal are Ag;.sTe 
and Ago.oTe. Between these limits the upper transition ranges continuously from 689° to 802°C. 
as in a solid solution. Such solid solution cannot be of the substitution type, because of the difference 
in electronegativities of silver and tellurium, but rather must be of the omission type, because the 
structure of modification II is believed to have disordered silver ions in a lattice of essentially ordered 
tellurium ions. Such a lattice may be supposed to accommodate a limited deficiency or excess of 
silver ions. 

The compound Ag;Te; has a rapid (II = I) transition at 419° + 5°C. in tellurium-rich and 417° + 
2°C. in silver-rich preparations, as well as a distributed heat effect (II = II’) transition over the 
range of 250° to 310°C. in silver-rich preparations. 


IMPACT OF THE DEVELOPMENT OF PHOTOGRAMMETRY ON GEOLOGY 


David Landen 
U. S. Geological Survey, Washington, D. C. 


The purpose of this paper is to present a critical appraisal of the effect of photogrammetric tech- 
niques on the rate of progress of the United States mapping program, on the quality of the maps 
and on the availability of special-purpose maps. 

From very early beginnings more than 75 years ago in the geological exploration of the West, the 
use of photographs has grown to such an extent that today they play a major role in geologic ex- 
ploration and mapping. A short history of this development is given. 

In connection with geology in the twentiety century, the change of mapping methods brought 
about by photogrammetric techniques has proved to be of major importance. Aerophotogrammetry 
became mapping itself. 

The technological development of photogrammetry is now well known. An evaluation of the im- 
pact of photogrammetry on geology is given in the three areas described. 


JOHN EVANS, U. S. GEOLOGIST TO THE OREGON AND WASHINGTON TERRITORIES 
Erwin F. Lange 
Portland State College, Portland, Ore. 


Dr. John Evans (1812-1861), an obscure and unrecognized scientific explorer of the northwestern 
part of the United States, devoted his life to science and to the service of his country. In 1847 he 
was chosen by Dr. David Dale Owen as subagent in conducting a geological survey of Wisconsin, 
Iowa, Minnesota, and parts of Nebraska. As a member of this survey he was the first scientist to 
collect fossils extensively in the Mauvaises Terres or badlands in the Territory of Nebraska. In 1851 
he was appointed by the Secretary of the Interior to conduct a geological survey of the Oregon Terri- 
tory and in 1853 was appointed geologist for the railroad survey of the northern route between the 
47th and 49th parallels. On this survey he explored the passes through the Northern Rockies and 
continued his geological survey of the Oregon and Washington Territories until 1856. The next several] 
years were spent in Washington, D. C., working on his report of the Geology of Oregon, which for 
some unknown reason was never published. His last service to science and his country was that of 
geologist in 1860 to the Chiriqui Exploring Expedition to the Isthmus of Panama. On returning from 
this expedition he died suddenly at the age of 49. 
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CHAMPLAIN MARINE STAGE AT COCHRANE, ONTARIO 


Richard J. Lougee 
Clark University, Worcester, Mass. 


Massive brown clay that appears to be marine covers the region of Cochrane, Ontario, but has 
been called till because it contains ice-rafted stones. It extends northward toward James Bay into 
regions of fossiliferous clays at 400 feet elevation but has not yet revealed fossils at its southern limit 
which is traceable east-west along the arctic slope at what was a former shore line of James Bay, 
1000 feet higher and 200 miles farther south than the present bay. This may be the highest glacial 
marine limit in North America. 

Massive clay overlies till and eskers at Cochrane, and a wave-built sand plain is spread over the 
clay at Nellie Lake. South of and «vove the upper marine limit at Matheson only fresh-water varved 
clay of Glacial Lake Barlow overlies the till. In a transitional region between Matheson and Cochrane, 
which includes Iroquois Falls and Porcupine, marine clay lies conformably on varved clay, with 
Barlow varves terminated abruptly, showing that the lake drained to sea level because of northward 
ice recession. 

Draining of immense Lake Barlow may have initiated the long-delayed Algonquin Stage of crustal 
uplift as the last ice uncovered Cochrane, for the Barlow water plane is ti!ted parallel with the highest 
Algonquin and Champlain water planes farther south. Massive storm beaches, presumably marine, 
with elevation 975 feet at Matheson and 1005 feet at Nellie Lake, conform to a projection of the 
highest marine water plane in the St. Lawrence Valley, implying that this is in fact a Champlain 
Marine Stage. 


NEW CONCEPT OF ICE-AGE HISTORY 


Richard J. Lougee 
Clark University, Worcester, Mass. 


North American glacial history previously has assumed several separate glaciations, and no crustal 
depression south of the Whittlesey Hinge Line in the Erie basin. 

Recent investigations show that: (1) trains of erratic boulders, apparently rafted by icebergs, lie 
outside the border of the older drift sheets in the Missouri and Ohio valleys and were floated down 
the Mississippi Valley under conditions indicating a late-Glacial estuary leading to the Gulf of Mexico; 
(2) the high clay content of Kansan and Illinoian till sheets, and the presence of kames on IlIlinoian 
surfaces suggest ice recession in deep water; (3) directly overlying the old tills there are widespread 
clays and silts, variously known as “Loveland or Farmdale” or “gumbo”, which may be weathered 
phases of a deep-water deposit. 

It appears that Kansan and Illinoian tills are the same in age and degree of weathering although 
derived from different ice centers; that they are deposits of one glaciation only, which reached its 
climax at the outer borders of the so-called old drifts and was associated with heretofore unrecognized 
great crustal depression and deep ice-frontal submergence by fresh waters at glacial sea level; that 
these waters overspread the older till sheets as the ice margin melted and calved back to early Wis- 
consin positions which mark a time of beginning of great regional uplift, emergence, building of 
moraines and valley trains, and widespread deposition of loess caused by exposure of clay plains and 
drift sheets to erosion by the newborn Missouri, Mississippi, and Ohio rivers and their tributaries. 


UNIVERSITY COURSE IN HISTORY OF GEOLOGY FOR SENIORS AND GRADUATE 
STUDENTS 
F. C. MacKnight 
University of Pittsburgh, Pittsburgh, Pa. 


Introductory remarks on historical background in individual courses of the regular geologic 
curriculum are often not effective, but the lack of specific courses in the History of Geology at the 
undergraduate level may be due more to lack of time in the curriculum for both student and staff 
than to lack of usable text material. The use of books by Adams, Fenton, Moore, and others plus 
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shorter readings from periodic literature is discussed. The method of conducting the History of 
Geology course at the University of Pittsburgh is described, which includes treatment of the history 
of these ideas; lithification, and the origin of rocks and minerals; the development of stratigraphic 
principles and the geologic time table; fossils, paleontology, and evolution; the age of the earth; 
ideas of diastrophism; concepts of erosion and ground-water processes. The work of the following 
men is considered in some detail: Avicenna, Agricola, Steno, Palissy, Buffon, Arduino, Guettard, 
Desmerest, Werner, Hutton, Playfair, Sir James Hall, Pallas, deSaussure, Smith, Lamarck, Cuvier, 
Alexandre Brogniart, Adolphe Brogniart, Lyell, Darwin, Murchison, Sedgwick, Agassiz, Maclure, 
James Hall, D. D. Owen, Logan, Dawson, King, Hayden, Powell, Gilbert, Dana, Cope, Marsh, 
Dutton, Davis, Chamberlin, Barrell, and Schuchert. 

Important problems arising are: the proper balance between ideas and men; the consideration of 
modern and contemporary men and issues; the extent to which the history of sciences other than 
geology must be considered; the necessity of some nationalistic bias in the history of the past century; 
and the necessity of “philosophic” considerations, as the relation of geologic methods to those of the 
experimental sciences, and the differences between hypothesis, theory, and fact. 


GEOLOGY, GEOLOGISTS, AND THE AAAS 


Kirtley F. Mather 
Harvard University, Cambridge, Mass. 


The Association of American Geologists, organized in 1840, was the “parent body” of the AAAS. 
In 1843, the AAG was widened in scope to become the Association of American Geologists and Na- 
turalists, and in 1848 it was transformed into the AAAS. The nature of geological science and its 
relations to the other physical and biological sciences have much to do with this historical 
development. 

Throughout the succeeding 40 years the science of geology prospered in America under the in- 
fluence of the AAAS, and several important developments in that science were first announced at 
its meetings. Even so, and for good reasons, geologists were among the first scientists to organize 
a separate nation-wide society of specialists in a single discipline, when The Geological Society of 
America was founded in 1888. The trend toward narrower specialization of organized groups con- 
tinues to the present day with the establishment of separate organizations of seismologists, pale- 
ontologists, petroleum geologists, etc. : 

The formal relations among such groups, and the arrangements for publications, meetings, etc., 
have posed many problems, most of which have been solved in eminently satisfactory ways. At the 
present time, however, there is need not only for cross-fertilization and multi-disciplinary research, 
but also for studies directed toward synthesis as contrasted with analysis. The broadly inclusive 
AAAS may have an important function to perform in the current phase of the historical cycle of 
scientific research. 


GEOGRAPHIC BACKGROUNDS OF SPANISH GRANTS, TAOS COUNTY, NEW MEXICO 


V. C. McKim 
Fresno State College, Fresno, Calif. 


Half the 2200 square miles of Taos County, New Mexico, was granted by rulers of Spain or Mexico. 
For subsistence there were forested mountains, grazing lands, permanent streams for irrigation, and 
domestic supplies for pueblo settlements. 

A fifth of the county is in the Sangre de Cristo Mountains and the Picuris branch. Another fifth is 
piedmont extending to the Rio Grande Gorge and includes Taos basin in the south, Sunshine basin 
in the north, and an upland in the center. The half of the county lying west of the Rio Grande is 
dominated by lava-flow features. One tenth of the area is in the lava-lined Rio Grande Gorge; the 
remaining tenth is rugged features of the seven left-bank tributaries of the river. 

Taos basin contains many of the grants. It was suitable for a policy requiring “meadow, timber, 
and a permanent stream’’. Sunshine basin contains one large grant. The Piedmont Upland was too 


las 
ito 
nit 
ay, 
‘ial 
the i 
red 
ne, 
ith 
ird 
est 
he 
ain 
tal 
lie 5 
wn 
C0; 
an 
ad 
ed 
gh 
its 
ed 
at 
is- 
of 
es. 
TE 

he 
aff 
lus 


1766 ABSTRACTS 


rough for more than extensions into it of the grants on its southern border. Other regions were not 
suitable for grants. 

Grant boundaries have remained intact from the last quarter of the eighteenth century. Two 
include mountains and piedmont—the Costilla on the Sunshine and the Ranchos del Rio Grande on 
the Taos—containing about 100,000 acres each. The Ranchos Grant boundary problems have been 
with small-area grantees, whereas the Costilla ones have involved the States of New Mexico and 
Colorado. 


U. S. GEOLOGICAL SURVEY AND THE ADVANCEMENT OF GEOLOGY IN THE 
PUBLIC SERVICE 


Thomas B. Nolan 
Director, U. S. Geological Survey, Washington, D. C. 


In the controversies attendant on the establishment of a federal geological survey and the deter- 
mination of its functions, John Wesley Powell expressed a philosophy to which the U. S. Geological 
Survey still adheres: that government research should promote the welfare of the people by investiga- 
tions in fields most vitally affecting the great industries in which people engage; and should have the 
broadest possible territorial base; moreover it should not be undertaken in fields where private enter- 
prise may be relied on for good and exhaustive work. 

Most of the work of the U. S. Geological Survey in the past 80 years has been in what Julian 
Huxley termed “background” research, but considerable effort has been devoted to pure or basic 
research. No phase in the study of the earth has been neglected—topographic mapping, water sup- 
plies, the development of power, as well as mineral resources and fundamental geologic principles. 
During its first half century the Survey became known as the “mother of bureaus”’ as its studies of 
the arid regions of the west became the foundation for the reclamation work of the government, its 
studies of mining technology and mining safety led to the establishment of the Bureau of Mines, its 
study of forest reserves became the basis fer a U. S. Forest Service, and its investigations of sources 
of energy led to the establishment of the Federal Coal Commission and ultimately the Federal Power 
Commission. 

World wars provided new fields of service as scientific data were needed in exploration and de- 
velopment of critica] mineral resources and on characteristics of enemy terrain. Survey scientists are 
assisting in geologic investigations throughout the world, and scientists have come from many coun- 
tries to learn the Survey’s methods. 

In the complex world of today, the Survey’s fact finding is contributing to an ever-increasing variety 
of scientific and technological advances, both in our traditional fields and in investigations as diverse 
as the relation of environmental factors to the incidence of cancer and the effect of atomic explosions 
on natural radioactivity in the atmosphere and ground. 


ROLE OF THE SMITHSONIAN INSTITUTION IN EARLY AMERICAN GEOLOGY 


Paul H. Oehser 
Smithsonian Institution, Washington, D. C. 


During the third of a century between the establishment of the Smithsonian Institution in 1846 
and the founding of the United States Geological Survey in 1879, the Smithsonian served as a focal 
center for geology in America. The Institution’s interest in geology began early in its history. James 
Smithson, the founder, was an amateur mineralogist—a fact now memorialized in the name of the 
mineral smithsonite. Geology and mineralogy were included among the scientific concerns of the new 
Institution when its plan of organization was adopted in 1846. Joseph Henry, first Smithsonian 
Secretary, was interested in geology even before he came to Washington; and Spencer F. Baird, 
Henry’s successor, was one of the prime promoters of many early exploring expeditions to the Western 
United States, in which geography and geology played a vital role. 

Smithsonian contribution to geology was manifested along several lines: (1) the encouragement, 
stimulation, and facilities offered to young scientists who gathered in Washington in those early 
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days; (2) the publication and worldwide distribution of their work at a time when expensive mono- 
graphic publication was difficult to obtain (e.g., the many important geological monographs in the 
quarto volumes issued in the series Smithsonian Contributions to Knowledge); (3) aid that the 
Smithsonian rendered in western explorations and surveys (e.g., the Pacific railway surveys and the 
Powell expeditions); (4) its promotion of paleontology and its concomitant, taxonomy; (5) the build- 
ing up of the great geological collections in the United States National Museum; and (6) education 
in geology through exhibits which have been viewed by millions. 


HISTORY OF AMERICAN PETROLEUM GEOLOGY 


Edgar W. Owen 
University of Texas, Austin, Texas 


Many basic concepts of petroleum geology originated during the 5-year period following the Drake 
discovery in 1859 but were too speculative to serve as working principles for exploration. 

White’s restatement of the anticlinal theory in 1885 and Orton’s classic reports on Ohio oil fields 
in 1886 and 1887 established petroleum geology on a scientific basis. 

The earliest petroleum geological department was organized by Dumble for the Southern Pacific 
Railroad in 1897, but the first large oil company departments were built up from 1913 to 1915. 

Surface indications of oil were the usual drilling guide until 1910. From 1910 to 1925 surface- 
structure mapping was the dominant exploration method. Since 1925 exploratory drilling has de- 
pended largely on geophysical surveys. 

Petroleum geology is primarily a subsurface study. McCoy organized the first formal subsurface 
department for Cities Service Oil Co. in 1917. The early orientation was entirely structural, but 
later subsurface work has developed into a searching study of fundamental geological principles and 
detailed geologic history. 

Widespread deep drilling, utilizing improved techniques for gathering geologic data, has furnished 
a mass of accurate information pertinent to many geologic problems and capable of new regional 
and historical concepts. Neither petroleum geologists nor the industrial research departments can 
apply this information far beyond their immediate practical problems, and there is need for the 
utilization of this source material by other investigators. 


HISTORY OF THE POPULARIZATION OF GEQLOGY IN AMERICA: A 
BIBLIOGRAPHICAL SURVEY 


Mark W. Pangborn, Jr. 
U. S. Geological Survey, Washington 25, D. C. 


This paper traces the history of American popular geology, and especially its literature, from the 
beginnings down to the present time. The place that geology has held in our cultural life and as a 
hobby is reviewed, the personalities who have been interested in promoting it are examined, and some 
of the outstanding popular books of the times are discussed. The present status of popular geology is 
analyzed, and the current layman’s literature is related to past accomplishment and present needs. 
An annotated bibliography of important popular books, selected because of their quality or impact 
and arranged chronologically, is appended. 


PRELIMINARY STUDIES OF THE FORMATION OF URANINITE UNDER SIMULATED 
COLORADO PLATEAU CONDITIONS 


A. M. Pommer, I. A. Breger, H. F. Phillips, and J. C. Chandler 
U. S. Geological Survey, Washington, D. C. 


Association of uraninite with coalified wood in many places on the Colorado Plateau suggests that 
the latter may be necessary for formation of uraninite. Deposition must involve reduction, as the 
uranium is probably transported as U(VI). The most probable reducing agents are soluble sulfides 
and the organic material itself. Experiments were initiated on the premise that a solution forming 
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uraninite, in the presence of coalified wood only, would serve as a guide to the composition to the 
ore-bearing fluid. 

Urany] chloride solutions, containing alkali carbonate to maintain uranium in solution above 
pH 5, were heated in sealed tubes with and without coalified wood from the Virgin No. 3 Mine, 
Montrose County, Colorado, at temperatures ranging from 100° to 150°C. and pH values from 3.4 
to 11. Precipitates were examined by X-ray analysis. Uraninite was identified only at 150°C. and pH 
3.4. Most other precipitates were crystalline and of unknown composition. Because these conditions 
did not conform to geochemical observations, experiments with solutions also containing alkali 
sulfides were undertaken. All experiments yielded uranium-bearing precipitates, but uraninite oc- 
curred only at high-sulfide concentrations at pH 7 and low-sulfide concentrations at pH 9. 

If coal alone is essential to the formation of uraninite, the proper experimental conditions have 
not yet been attained. The possible function of the coal in changing the relative pH-sulfide conditions 
of the fluid to those from which uraninite will precipitate is suggested by these preliminary experi- 
ments. Additiona] studies are in progress. 


RECENT WORK ON SPHALERITE: ITS BEARING ON THE SPHALERITE 
GEOTHERMOMETER 


Brian J. Skinner and Paul B. Barton, Jr. 
U. S. Geological Survey, Washington, D. C. 


Experimental work in systems involving ZnS has shown that sphalerite can accommodate up to 
0.7 per cent ZnO by weight. The unit-cell size of pure sphalerite is 5.40934, and that of sphalerite 
containing 0.7 per cent ZnO is 5.4070A. Some synthetic sphalerites precipitated from aqueous solution 
at room temperature have low unit-cell sizes, corresponding to some oxygen in the structure. Oxygen 
can be removed by heating sphalerite in a vacuum in the presence of Mg metal, causing the cell 
size to increase to that of pure sphalerite. The presence of oxygen, replacing sulfur in the sphalerite 
lattice, is offered as an explanation for the lack of agreement among workers for the unit-cell size of 
pure sphalerite. 

The relationship between the unit-cell sizes of FeS-bearing sphalerites and their compositions 
has been redetermined. The function best fitting the data is a, = 5.4093 + 0.000456 X, where a, is 
the unit-cell size of a sphalerite containing Y mole per cent FeS. This curve shows a significantly 
higher cell size for a given sphalerite than that found by Kullerud. The difference is believed to be 
due to partial oxidation of some of the starting materials used by Kullerud in his original runs. A 
consequence of this error is that Kullerud’s original determination of the FeS-ZnS solvus should be 
examined. Using his original runs, and assuming that any oxygen present did not affect the solubility 
of FeS in ZnS, one can determine from the revised cell-size curve the compositions of the sphalerites 
in equilibrium with FeS at different temperatures. This shows that the solvus should be raised ap- 
proximately 90° at 400°C., 100° at 600°C., and 105° at 800°C. 


SCIENCE IN AMERICA BEFORE 1830 


Dirk J. Struik 
Massachusetts Institute of Technology, Cambridge, Mass. 


At the time of the Revolution there were several centers of learning in America, with a tradition 
in medicine, astronomy, and natural history. Scientific research in the traditional fields continued in 
the next decades but in a widened framework, because of (1) the widening of the geographical horizon, 
(2) the new chemistry, (3) the growth of schools and colleges, and (4) the better transportation 
methods and the industrialization. Expansion of the Canadian fur trade led to the discovery of the 
Northwest Passage by land (1793) and the exploration of the North Pacific Coast. From 1799 to 1804 
Alexander von Humboldt explored parts of Spanish America. Under President Jefferson came the 
Lewis-Clark expedition (1804-1806), followed by many others into the West. Naturalists went with 
such expeditions or travelled alone; among them were the two Michaux, Thomas Say, Alexander 
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Wilson, William Maclure, Constantin Rafinesque, Thomas Nuttall, and John James Audubon. Say 
became the “father” of American entomology, Maclure of geology, Wilson of ornithology. 

All this intensified the study of natural history in the East and also stimulated mineralogy and 
geology. Chemistry came to the United States with Joseph Priestley (1794). Native chemists ap- 
peared in Samuel L. Mitchill of New York, Robert Hare of Philadelphia, and Benjamin Silliman at 
Yale. Silliman became the most ardent promoter of science in the country and created a central 
organ in the AMERICAN JOURNAL OF SCIENCE (1816). Other promoters of scientific education were 
Thomas Cooper in Pennsylvania and South Carolina and Amos Eaton at Albany, New York. The 
outstanding mathematician of the period was Nathaniel Bowditch. Medical care improved by hos- 
pitals, medicine by new medical schools and methods (vaccination). 


PRELIMINARY REPORT ON THE SYSTEM Ag;SbS;—Ag;AsS; 


Priestley Toulmin, III 
U. S. Geological Survey, Washington, D. C. 


Members of a complete series of binary crystalline solid solutions from Ag;AsS; to Ag;SbS; have 
been synthesized by crystallization from melts in evacuated silica-glass tubes. X-ray powder dif- 
fraction patterns of the end members are identical with those of natural proustite and pyrargyrites 
and the unit-cell constants vary as continuous functions of composition. Neither pyrostilpnite nor 
xanthoconite, the rare dimorphs of pyrargyrite and proustite, formed in any runs in the present study. 
Natural occurrences of intergrown proustite and pyrargyrite suggest the existence of a miscibility 
gap in the system, but a mixture of equal amounts of proustite and pyrargyrite reacts to form a 
homogeneous crystalline phase in approximately one month at 400°C. Longer runs are required at 
lower temperatures and are in progress. The molar volume of the crystalline solution is a markedly 
nonlinear function of composition expressed as mol fraction and is fairly well represented by a cubic 
function of the sort used for “asymmetrical” solutions. The curve of molar volume plotted against 
composition is concave upward, indicating that increasing pressure lowers temperatures on the 
postulated solvus. 


EARLIEST GEOLOGIC MAPS OF THE UNITED STATES 


John W. Wells 
Dept. of Geology, Cornell University, Ithaca, N. Y. 


Maclure’s map of 1809 is generally regarded as the first geologic map of the United States, as 
Guettard’s much earlier one of 1756 is dismissed as of no consequence. Actually Guettard’s map is a 
remarkable production considering the paucity of geologic knowledge of this country at that time. 
Maclure’s map is also antedated by Volney’s map of 1803, some copies of which were issued with 
geologic coloring. Volney’s geology owed something to the work of Lewis, Evans and Samuel L. 
Mitchill, and in turn Maclure derived a great deal, probably including the idea of geologic coloring, 
from Volney. A second version of Maclure’s map, published in Paris in 1811, is printed on Volney’s 
base map with some coloring taken directly from Volney’s map. The third and fourth versions of 
Maclure’s map of 1817 and 1818 showed only minor changes. None of these maps shows any of the 
geology west of the Mississippi valley, and the first one to do so appeared in an anonymously com- 
piled atlas of the United States published in 1832. 


DARWINIAN NATURAL SELECTION AND VERTEBRATE PALEONTOLOGY 


John A. Wilson 
University of Texas, Austin, Texas 


The fact of evolution was firmly established with examples from the paleontologic record published 
by vertebrate paleontologists between 1870 and 1925. The concept of natural selection, however, as 
proposed by Darwin was not generally accepted by the vertebrate paleontologists of that period. It 
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was not until genetics had been placed on a firm footing and evolution had become a synthesis in 
the 1930’s that vertebrate paleontologists and neobiologists came to closer agreement. 


FORMATION OF PSEUDO MEANDERS IN LABORATORY CHANNELS 


M. G. Wolman and L. M. Brush, Jr. 
U. S. Geological Survey, Washington, D. C. 


A type of meander was produced in channels in uniform noncohesive sands 0.67 and 2.0 mm in 
diameter. The sinuous pattern only developed when the mean Froude number, V/+/gR (in which 
is the mean velocity and R the hydraulic radius of the channel) was equal to or greater than 1. At 
Froude numbers less than 1 straight channels remained stable despite considerable erosion. Meander 
development began with the formation of trains of standing waves on the water surface. The straight- 
wave pattern gradually became sinuous, and diagonal shoals developed on the sand bed. As the flow 
impinged upon the banks at alternating points, the channel itself began to meander. 

The final meandering channels resembled natural meanders in having: (1) roughly triangular cross 
sections at the points of maximum curvature, (2) shallow crossings between bends, (3) width-wave 
length ratios of about 8 to 1, and (4) secondary or helical circulation in the bends. Inasmuch as 
most rivers flow at velocities well below critical, despite the similarity in many characteristics, the 
requirement of supercriticai flow suggests that the laboratory meanders may not be analogous to 
most meanders in nature. These results indicate that, where efforts are being made by geologists to 
study meandering and alluvial sedimentation using small quantities of water in channels with mova- 
ble banks, particular attention must be given to scaling the conditions of flow. 
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